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: "AROMATI C POLYAM DE .FI BER SHEET BACKGROUND OF THE NVENTION-5—(1)—Fiekd of

~“the Invention The present invention relates to a wholl G pol yam de
" fiber sheet. More particularly, the present inventi orﬂmmwmm%mlmﬂﬂ a whol ly

- aromati-«c polyani de sheet in the formof & paper sheet, excel | ent

" 10 heat resistance and an electric insulating property at*85%igh humdity,

and- useful for the manuf r f . lam b r tric circuit
boards. The wholly aro & 5 ok etonep IFFI\ EQ EEEG'esent i nvention
is made principally froma staple 15 fiber conmponent conprising a blend of
neta-type wholly aromati c pol yam de staple fibers and para-type wholly
aromati c pol yam de stable fibers and _a_binder conponent conprising at
| east one organic rRRGHRRUNRCE THE INYFNBEO8 i ption of the Related Art 20
A substrate for a |@m natieelubad ehkoInle@ctioinc circuit boards is required

to have vari ous advant aggous roper.ti far e, .hig
resi stance, di rrensi.onalglehset ri sietn;% an %?mﬁf)ghrgﬁgquwttoelﬁpgpg?gﬁe and high
~and | ow huni diaserednidi tpoiramideedtibes ishegltat | H§resPpESpErRt§rivestheance to

deformation (,pfd¥efXaiple¢htidi HeQlhltie@NtoCUr khBylgndremat ugapb opamadsl a

i ght weight. Aronmatic polyamde. fiber sh et?_ afle excel | ent 'T t he heat
resi stance, el¥8%% A0 9y 2 LpRoBEPEY, SOREFmaM2V Al ReAli BRaFL5¢Rbility
and |ighdt wei ghigt ire<iqaldes @nd3@nwetlkctirdseiobulheingnpeopeohpl asheet s

made fromthe oI Sl sy ) [ HLNLLLAMebRe (ACORBLLEaPRLYBM g TiDer
materials, an e thus currently being utilized as a substrate nmateri al
for the | am natadsinafres s adllectiorc eleFtedrt chsards. PraFdéxanpl e, Japanese

Unexani ned Patent 35 Pubji<aiiodn yNarohkt160p60ydinsabosebed bhebt density
par - Srar 0 SRCl, SO 908, e SAIPRTEIL 9T, SHLOR 8BS VP
LEEETTTRBLTTT Ifided |ddmgdrevid Iclomplrlisling* @006ad of meta-type wholly
aromatic polyamide staple fibers and para-type wholly
aromatic polyamide stable fibers and a binder component
comprising at least one organic resinous material.
(2) Description of the Related Art
20 A substrate for a laminate usable for electric
circuit boards is reqﬁired to have various advantageous
properties, for example, high heat resistaﬁce, _
dimensional stability under high and low temperature and
high and low humidity conditions, électric insulating
25 property, resistance to deformation (, for example,
distortion, curling and corrugation) and a light weight.
Aromatic polyamide fiber sheets are excellent in the heat
_resiétance, electric insulating property, thermal
dimensional stability and light weight, in comparison
30 with those of the conventional sheets made from the
materials different from_the ?romatic polyamide fiber
materials, and are thus currently being utilized as a
substrate material for the laminates for the electric
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
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-. 2 conponent consisting of a blend of para-type aromatic pol yam de
staple fibers, for exanple, Kevlar (trademark) fibers, nade by Du Pont,
with fibrillated para-type aromatic polyam'definefibers, for exanpl e,

* Kevlar 5 (trademark) fine fibers, nmade by Du Pont. In this sheet, the

para-type aramd fibers and fibrillated-fi2ne fibers are bonded to each

ot her through the neta-type aramd fibrids. This type of the aramd fi ber
sheet exhibits excellent heat resistance, dinensional stabili t¥ for 10
tenper at ure anSORRARGR t \EOUNS HEG Sfarc®lEddEoPRECT G¥PSI AEPBEIAG, for
exanpl e, di st opolypanidelrdtiaplearftdbeaar,r gat |eo:|amp|iie\/,\/e\xew1atrh¢tm'atlambyp¢

ar oAt c, Doy fees | AP al $8M13VE,a0e (db83d4aRLAIBaNa LDl of

equi li briumwater content a i on content rived From t he
process for prad8eR?hic tEPféllsaahféie /ﬁl@@ fl@neﬁée the gxpsrherwEerleke p-aram d
stap: e ;lsgers afﬁa?éﬂgéﬂeﬂ ﬂ%haat FQb@rQrL mladlee @y iDte pbinker SInaﬂﬁﬂshghéQQhe .
staple ficbers an ibrillate i.ne ers _are ac er throug
the maranid f%&?l% ATHPS SFFHAN L %’6r§h éig’ ﬁggrt 6F‘e gbpgﬁﬁatl on
property for aavarlmrscted conmEesiht mRnelrn(tlhurdmgg ther mexaﬁfpypge anampaxy resin
when ~the sheepyhs;ddiprognal a4l b the %mlahfaeeer QKede Bxnstbelrate
sheet for electric_circuit bo |P S. Accor sheet i s 1 npregnated
unevenl y and/ o?XCSbLens feate ir@stiisyapgey h éllv‘&m#@ﬁaéoﬁﬁaéilﬂ-ihsﬁ fakd thus the

resul tanty el ectémpefdt ot tarkDduehiex iy taﬁdardgﬁ.e‘ﬁ:bntg t6| gekbitmat nsHl ating

property. Japanes exa ned Pat ent Publ i c%tl ons -236907 and No.
4- 6708 di scl ose” r 59 S5 RIGr aft RGOS &S rrﬁ&é H‘gn? ta-type aramid
staple fibers CWMH}H ypéloawegmicd pbepmetbetypef Rbpmds)c phlgamype of

conventional efgct{ds AdiSWAtNG aheeliikadvanthhebast @hynign heat
resi stance and electric insulating property, beCause the neta-type aramd

fi bers exhi bi te%iu’rlo’v%‘?l‘ﬁ‘éé‘tate%CPé§F§Faﬁ€é‘ ERRHELR¥t l8f‘ Par&erype aranid
fibers asd a detiteveinomitgle pidckkbritum pabaucengt et sadet huslso,

o el o b SIS SR PR L BOTRRE 8Os HLP (e
filled by the fibrillated fine fibers, and the those
staple fibers and fibrillated fine fibers are bonded to
each other through the m-aramid fibrids, the resultant

20 sheet exhibits a poor impregnation property for a varnish
composition including, for example, an epoxy resin when
the sheet is impregnated with the varnish to provide a
substrate sheet for electric circuit boards. |
Accordingly, the sheet is impregnated unevenly and/or
25 insufficiently by the varnish composition, and thus the
resultant electric circuit board exhibits a defect in
electric insulating property.
| Japanese Unexamined Patent Publications
No. 2-236907 and No. 4-6708 disclose an electric
30 insulating sheet made from meta-type aramid staple fibers
and meta-type aramid pulp fibers (fibrids). This type of
conventional electric iﬁsulating sheet is unsatisfactory
in heat resistance and electric insulating property,
 because the meta-type aramid fibers exhibit a lower heat
35 resistance than that of para-type aramid fibers and a
relatively high equilibrium water content and thus a

relatively low electric insulating property in comparison



- fibrids used as a binder cause the inpregnation property of the resultant
electric insulating sheet with a varnish conposition to be | ow when an
electric circuit board is 5 produced fromthe sheet. Japanese Unexam ned

" Patent Publication No. 1-92233 discloses an aram d fiber sheet conprising
pol y( par aphenyl ene terephthal anmi de staple 3 fibers (Kevlar, trademark, made
by Du Pont) and an organic resinous binder. This type of conventional

sheet 10 is unsatl‘ lgcto i n di mensi cﬂ? stability and electric
i nsul ating proféf R RS WRh AU et RHr%ani & e ERiTBM %
excel | ent heat fmbmd$ ams:@;l ashea peiardan d-dudrerthe notpreging tglemi rplrowmmyheat

treatment at a%Pl he tf {2l ae%léq{tt%@ o G d SHERANGA (hhe 3%’1%&1“5

t hereof, but 1 SO e equi l 1 brium wat er content an I gh
content of i rrpEt‘P‘i‘P?SJr‘bH%“ 9 ke %Wt‘/ﬁtﬁrb(ﬂﬂ/étteic&ﬁaﬂc GLI&Mdl #oRTHer Ssheet
the orgarg c regiro@usSedi NEeH drNdshddx . MBI sle0 Unk&aliord @adehack surface

side of the shget,.and. to be uneyv y distributed in_th heet thus 20
exhibit a reduge lh%?'f’o?%lt?%/' :J]h'egcﬁ;{%/t SClQﬁt% %r éagtafn(%(r?? 1§ E)%frhs(%g i'ckness

of the sheet. ¢owopr syl ypolhpommrertylens Yerapivhd leiide s¢hede exhibits.
an unsati st act o ye £l ek Lo NSU Ak PIRRET by WieBoRenosed &a a hi gh

hum dity environnment 25 ‘a | ong peri‘'od of time and thus i.s not swtable'
as an el ect ri @TFRRLF ¢ T Rimder nmatYisalt¥Re O FonveRtiradl £5°8%ni bit
a high rg i abi .i.ShYns&ﬁMM)MﬁXﬁ@fﬁ@iﬁﬁrﬂﬂt sRabliildali andNele2t41392

di scl oses a proces for produci.ng,an ar omabi« f| ber., sheet
from copol y(p- b’ﬁeny‘?1 Bhad FHE, cﬁepcheny ene Ou?gglp%?lﬁa%afae)g ag egf:?bers
(Technora, tredednik, ammje:etiyle'lfe:l jhedt am$ igtamcganitber @sﬁﬁémsdblfmbers

having a reducgde ne4 gl SEAHAOLp oThlréaIty&ere%ftmemms%nw aRagh sBRgbrhesre
reduced equili br| um wat er content 35 and |rrp|ér| % conte and s exhibits

a satisfactoryPfef 2816 i MR H9 4 PG Fefs Fh?§e8c§nvgﬁﬁ onal
sheet issunsatasiaceampin aumn‘g)f rﬁquﬁhﬂb:qmai Wiy eandonhestd4andnar Bigability

because the o gani ¢ ¢ &5 NS, NNSTondT 95aLES L the LHANLARadabcl surface

portions of the eet anount ‘t he binder 1 ocafe
aramld flber sheet, the organlq resinous binder tends to

migrate to the front and back surface side of the sheet
and to be unevenly distributed in the sheet, and thus
20 exhibit a reduced uniformity in quality in the direction
of the thickness of the sheet.
Accordingly, the conventional p-aramid fiber
sheet exhibits an unsatisfactory electric insulating
_property when exposed to a high humidity environment for
25 a long period of time and thus is not suitable as an
electric insulating substrate material which is required
to exhibit a high reliability. '
Japanese Unexamined Patent Publication
No. 2-47392 discloses a process for producing an aromatic
30 polyamide fiber sheet 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 équilibrium water content
35 and impurity content and thus exhibits a satisfactory
electric insulating property. However, this conventional

sheet is unsatisfactory in uniformity in quality and thus



. mddle portion of the sheet decreases, and thus the 5 distribution of the
organi c resinous binder in the sheet becones uneven in the direction of
the thickness of the sheet. Wen the above-nentioned type of conventi onal
sheet in which the organic resinous binder is unevenly 10 distributed is
used as a substrate material for electrit €iTcuit boards, the sheet is
subjected to a prepreg- preparation step in which the sheet i's inpregnated

with a varnish co osbhion contalnlni%}jl for exanpl an e29§¥ resin, and
dried, and a prBpFEQiPRM hEY i RFCARF sHii HP B iy TS & steps, the
uneven di stri buotipoates thethmrtmwmt:amﬁnbﬁnk;dnnﬁhae @uuszmpdsh@f'mmeegnation
and . adhesion gheLBes¥atAlene LOMRASI AL W LDIAAR AN 1 PG ON Of

the binder to be fused so as to re adhesion of the staple fibers
to each ot her, MaAglEhBSTEhen 20f sHretshrat FLIRLIREDHr Wéh thaissdhedue to the

uneven d stribiistenbatibhect esndisgd NHefes it sStapldef iiberhe dhewenly
nove from each ot her and thus,t utlon f t aple flb s in the
i S on G e 5 &

sheet becones GhHeVeR® PFUFYRRrINt A 1% Ry *ERE Sifedffi ¢

circuit 25 boahdstis sonetines deforned after a sol der refIOM/step at a

hi gh tenperature. ACCOVdWHQAYthétaﬁﬁﬁélﬁgﬂkfﬁdéauﬂybed%@a@@%@ehQloREQV'de a
new type of aropatic polyamde fiber sheet havin recei ving

capacity for tRBeBFellrVRi®D thRWAEHIHSE &S iNouF %P@ﬁeﬁééﬁ P@?V@P&Hce and
an excelient disepsbabal 54 apidd tas anGubutr e rGtiorde if fom thecakayve-

menti oned di sagvant age f . the SO entlonal IHE | NVENTI ON
An object of t egﬁrggeﬁ?glnven o %0 pf%@? CtedsggNA F%? gPomat i ¢

- pol yani de stappéepﬁbétl@he%temawnrﬂﬁxﬂh e ahaat isedmpreginetadcwishda

superi or e'eCtGhﬁnlhﬂs§$ﬁéé§EkiHHkﬂbﬁ%élﬂﬂhd““Fd¥1é& %%ﬁ@'tbﬂneéBQ thus 5
usabl e as a substrate material for electric circuit oar ds AnotKer obj ect

of the presentTERAYBnt PBR #51%% Hib\A RFSPRATIUYIRAGHRE @NHoFYaR1IAE st apl e
fiber sheet 5SshapingbarbnghtKesdtSdmnceaHed wrfvammatiisar,ibheioaxadpkae

organic resinous binder causes the impregnation and
adhesion of the varnish composition to become uneven, a
portion of the binder to be fused so as to reduce the
adhesion of the staplé fibers to each other, and thus the

20 sheet per se to be broken. Also, due to the uneven
distribution of the resinous binder, the staple fibers
unevenly move from each other and thus the distribution
of the staple fibers in the sheet becomes uneven. '
Further, the resultant iaminate 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




. distortion, curling and corrugation, which occurs during the process for
producing a lamnate for electric circuit board fromthe staple fiber
sheet, and a superior electric insulation. 10 The above-nenti oned objects
* can be attained by the wholly aromatic pol yam de staple fiber sheet of the
present invention, which conprises (A) O30 96 parts by weight of a staple
fi ber conponent conprising a blend of: 15 (a) 5 to 30% by wei ght of
nmeta-type wholly aromatic pol yam de staple fibers, and (b) 70 to 95% by
wei ght  of par aEgPEewhdl # ySURF GRS 3FA L cf@rsﬁésr—‘érﬂ:bell§cuaﬁd (B) 4 to
30 parts by webghtdef a blnder conponent 20 conpr|5|ng at Ieast one

organi c resinous nnﬁggé %igﬁ §§£‘@Héﬂ1é%s%%%r gﬁggggt % the staple
on

fibers (a) and (b) i ber onent are 8d with each
other to form ar<p‘ap<é¢ ¢|%E>lslhee?trOHBESG?IPIUNY@NlGE FHEPPREFERREDS E#BODI VENTS

25 The 'GNent0B§vPﬁgt§eh£5ﬁ*¥331§63533'ﬂHTdQ%%%m%%&85U|fo§tHQhﬂBlé whol |y
aromatic polyanlde St $Ie fi ber sheet aV|n% a satisfactory inprégnating

property with ARS CRF LR i CYHSNB Gy SPENIEH 1oR U R nPEFEEFi BUEEBA of a
resi nous bi ndethanprodedd yfar gemidue ipgl patiatde nataplfer38lécbeis througbout

t he sheet, an gQg@Cﬁghﬁﬁgﬁ%ugégyy fﬁg@g I%Egtevggdag guﬁégpﬁpunldlty and a

hi gh reS|stance esult it was fou at when the
whol Iy, ar one®lecpolyamud aftigel-e flber sheet was formed froma 35 blend

of a nmajigr anount OfhdarrdeReniMnn %'bcj@%tt'sccBQ' ¥anhdeashag! syfther which
had a | ow i nmpuri ion content, an equil |br|ug¥§ater cont ent and hi gh

hoat 7 _(b) 70vRBY BEORH Ay MO LYAREARr S5PP L5 L BeB0SREBY 9B BRE of
par a-type mhoJpyes&mMHﬁnweqhﬂqmanmdac$taph@rltebers and (B) 4 to 30 parts

Lt L Breler 00 2 o8 B LR o s BLAGET ppgER 200 o
fi ber web (A).component comprising a blend o
15 (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
(B) 4 to 30 parts by weight of a binder component
20 comprising at least one organic resinous material,
-through which binder component (B) the staple fibers (a)
and (b) in the staple fiber component (A) are bonded with
each other to form a paper-like sheet. V
DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 The inventors of the present invention have careful
s;udied a wholly aromatic polyamide staple fiber'sheet
having a satisfactory impregnating property with an
electric insulating varnish, a uniform distribution of a
resinous binder and wholly aromatic polyamide staple
30 fibers throughout the sheet, an enhanced dimensional
stability 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




- The wholly aromatic polyam de staple fiber sheet may be in the formof a

paper-1ike sheet, a nonwoven fabric 10 or the like. The wholly aromatic
pol yam de usabl e for the present invention contains preferably 80 to 100

“molar % nore preferably 90 to 100 nmolar % of recurring units of the

formula (1): 15 -NH Ari-NHCO Are-CO- ( 1) 7 wherein Arl and Are represent
respectively and independently fromeach other, a divalent aronmatic group
selected from for exanple, those of .the fol.low ng_fornul.ae. .20 ( (b)
25 -0 and (c) (d) 30 Thd¥ke di XS CLN AN ?‘éwo%ﬁs?fa%‘e%&a’t i78n§|°| 3bs
substituted byyatelgastoDmsadistde wivetl lyelegomed itr oliyalmdgen saeods  and

| ower al kyl grpups-havifng, for exanple, 1 to 3 carbon atoms. The processes
for producing the wholly aronmatic polyam de and fibers thereof are, ‘
di sclosed in, for 36Bkxzhpie, 3URastehly NGL1INt50Prg4872818 1Baf8nt  Nos.
3,733,964, 3, 789, gobt otk vfiathtd 2T, a) apadese complisfiagmad leakleoaromati c
pol yam de fiber_sheet to an appropr.iate | evel I,NGreas bul k
density of t he®T93her Stie qusl-ié"\%et\?%rl,aﬂi’f e lgﬁg%%?’ro?eflhgnslgb?flgl at ed
fibers is too $tighlethdbarswdh g@t) .fi ber sheet may exhibit 5 a reduced
capacity for recei Vpfig i) MATIHH 1GRMPRRSVahGRe 3RAPLBUSHES EaBUL! ABY
electric circuit board may exhibit an unSatisfactory electric _ipsuylating
property. TheP@fbh ethe HOmhAE PrPERe LiikEr SNeRtead 2pAPRWOYEE £aPoMGLI ¢

pol yam d@ fi bess tkethexdi ber sheet should be 10 restricted to a | evel of
Lovo by wei ght of | efg, RUENPIARIN SO0 MRIGH! 1Qhph8S$o DeRedp08sLAE

wei ght of the para-type AT OMEt i ¢ pol'yam de staple Pi ers (b?. Ph-"the

whol |y ar omat i Enyenyien dorntidiars gredereblyh8Optesdf0 meAesnti- oRCTEhe st abl e

Iihber \tf\ebtcorrpﬁé@éra%ip FP%NPY 05P mMRIaGhts, o ekehaRlivig8 uhe t30%ebynhuei ght of
e neta-type :

formula (1):

15 —~NH—-Ar,;~NHCO—Ar,—CO— _ (1)
wherein Ar; and Ar, represent respectively and
independently from each other, a divalent aromatic group

selected from, for example, those of the following

formulae:
20
0 SN TN
r/ \\
<O». L0-<0) .
(a) (b)
25
— !
/ /
—\<:)>—O—\<:>\— , and —<;:;>
(c) (d)
30 These divalent aromatic groups are optionally substituted

by at least one substituent selected from halogen atoms
and lower alkyl groups having, for example, 1 to 3 carbon
atoms. The processes for producing the wholly aromatic
polyamide and fibers thereof are disclosed in, for

35 example, UK Patent No. 1,501,948, U.S. Patent
Nos. 3,733,964, 3,767,756 and 3,863,429, Japanese



- wholly aromatic pol yam de staple fibers (a) and 70 to 95% by weight,
preferably 80 to 92% by wei ght of the para- type wholly aromatic pol yam de
staple fibers (b). Generally, the neta-type wholly aronmatic polyam de 20

* staple fibers (a) has higher equilibriumwater content and inpurity ion

content than those of the wholl Y aromatild pol yanide staple fibers (b). If

the content of the neta-type staple fibers (a) is nore than 30% by

wei ght, the resylt r sheet exhlbts a nsalsfactor electric

i nsul ating pr o;fleér tm%fg pa&l‘:%l culrngtl ab® Yﬁml hum ar té Qhd? haYus IS

unsui tabl e as aPpPPPstiadee lesedr i ahdf'gqb m@reaw n%tt@Il‘-brerheLtet exft rihe

circuit board whigey ishde@qui heaet,.@rrmmt@h@ &n@uﬂ@ bEVehe pﬂ‘bfﬁla@c@d ity
over a long perj%)eof time. 30 The meta-t am de

ar omat | c P
staple fibers rSart Sh&8oft BRedt BF ’ée‘l"‘é “? e#r’p%‘?’étiﬂeeetofm hibidnpl e,
280 to 339 C, thardubedsehpaning fenpeead ivengfthée heamrsah togrepomialilon

aromatic pol yang de +${,aPl&ef ?:Eg[lft%?l : f‘é‘é’tp aded L 0; rk?% -aéy%gc KBk €

fibers (b) 35 at portions ereo ersec I ng each pressure.
Ther ef ore, t he 3Ret@sy3i6 L3E8pFE ﬂ%‘éﬁiél‘éahns‘sbﬁ/’en%sp@ﬂqrﬁribus bi nder for

the para-type gheplegokd, thBeasolRl .of frhder cont BN t&d ﬁaﬁ%-@} type whol |y

aromatic polyanmd tapleflbrs{; in the staple fi |sless
than 5% by wei Gﬁtomat% petyamidg g%%rst’ﬁ)et}%?a Rex |%b°Test Vﬁ) ‘ﬁ?d
cannot bk0 bondeésttaieaed SooahteveéDd af shit shructetghexdentesslo ensure t hat

the neta-type | r Cro, P s e ) TN A
satisfactory y}%&eﬁaﬁé ggé%tgy 9%}}’&(’{ dgrt%/%% st%aé%)eecI Sorggcrhse >§Jl')lqjh&:e%f
preferably sel é@?e@aff@oﬁwaﬁdﬁamabmsp ke dtikers0 (Baw datio of

2.8 or |less, mehe Wh@leF/aEL:Mmét ldé\l §Lbe1f' A hddte e pakieared

ﬁg{ zlgotsgjpeI tst :af)l K’%ffll%[fg?‘g GBﬁ ﬁba}fﬂ% %%%ﬁrrg"lf‘?%l 5 O%%’eo%egs% é&eo?’ Yis as
smal | aslPpossi bedghttf, phefdrablyaditoiz0% dmxge«rexqmn X 8 hES mert at-trgrpeher mal
history is toohande atBRakesUpL APin i AstdyRe Shalle (d)behy GR) +8xBishi t
too high a Cry%§ak238h%y preferably 80 to 92% by weight of the para-
type wholly aromatic polyamide staple fibers (b).
Generally, the meta—type wholly aromatic polyamide
20 staple fibers (a) has higher equilibrium water content
and impurity ion content than those of the wholly
aromatic polyamide staple fibers (b). If the content of
the meta-type staple fibers (a) is more than 30% by
weight, the resultant fiber sheet exhibits an
25 unsatisfactory electric insulating property, ‘

' particularly, at a high humidity, and thus is unsuitable
as a substrate material for the laminate for the electric
circuit board which is required to maintain a high level
of reliability over a long period of time.

30 The meta-type wholly aromatic polyamide staple
fibers (a) can be softened at a lower temperature of, for
example, 280 to 330 °C,Ithan the softening 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



. and thus an undesirably increased softening tenperature, and therefore
become difficult to effectively serve as thermal bonding fibers.. 20 The
whol |y aromatic pol yam de fiber sheet of the present invention optionally
* further conprises additional staple fibers which are different fromthe
met a-type and para-type aromatic polyam 8¢ staple fibers (a) and (b) and
“are incorporated into the staple fiber web (A). The 25 additional staple

fi bers should e n_a iin which th rforrraneof he .nmet a-type
and para-type ar oelfra? {:lb)apol A tfe &‘gcﬁnet: fol%b ?‘ rcfféfp(eB)w glﬁ’ot
hi ndered. The 2ne@m:tioredlwimislee sftiapdres frivpe dse (stel eat ¢dhef sg@mp leorf iber

exanpl e, gl assydhbexs, lgoolé@st %ra%t ke ?%q fh'tbe'i:?xe #@ el x%bh‘a hgide
fi bers, polyphenyl enesulfide fibers an ceramic fibers. Al's vvhen t he

addi tional stap/RSfTHRRE LhRersodrd e, theCtaBt"QIt E’Snpéﬁ‘fjeéf tPh&2afBt a- t ype
and par & typeo@aanate ca p tiarfade ostyapixe ehither s (a) and (b) in the

90% by ol ume. o more. ST gty ot re tybEy HNEaY AREPoshEet of the |
present i nventPokyIptderietidplef tirltblqeerrs denpeixbebis snalaltlsfastoalsrount of a

net a-type V\'h0|ﬂ)d’n@-imﬁd‘pélctlyyamh@em@%rautglggsst'aBlE-h@J.BQ'im oL spberes,
fl akes or scal es ditional solid binder. The addltlonal SO|Id

bi nder parti C?E%f%ﬁ?rg]ry iSRIGCARE £FPM URETEYPBsOBEFweBH fRev“RePRS8 ahd2
par a-typé stapdheamﬂMJs: (cef) 2a®d ofcblesthemeflrer preifbérabhe anmousb 0f st he

addi tional solj giﬂ:e{ t@u%r%'b%b‘ésmbitlb?l%d”yﬁgp?ﬁge E%S%tﬁgéférggiesr‘%t

may exhibit a reduc i npregnat’i ng propert varn oSition
in the preprthdpr g dthegmast &jstpatn erplipBeroshbet me‘aﬁdtlfhasstwphﬁy be

i npregnat ed uneMssYsy cﬁﬁq/r@r tlh@sgsfrwqbembhyp%&edukﬁ !ﬁé9é§h gonpgsi tion.
Accordi ngly, the anmount g&} %}gpg aromatic gam de /grtl cles
shoul d be ~restiict éf tpé’sf Gy V\éifgﬁ TAREatiPe §r BFYSI08ARY 2uli ght
or | essl5basedorthehehseinglit haktblhe et aebyibercié vvbbél yeanbtaht cm@bhyam de

staple fibers {fle ddbdifie 4 %@%@ngﬁéngggab% B?& bgeg&%g?ﬂke&s}ét he

para-type aromatl c po yam ers uSaBl e f oF
i nvention, in@MfHeBife@nwingRsérahgut énﬁFBﬂaed softening temperature:

and therefore become difficult to effectlvely serve as
thermal bonding fibers.

20 The wholly aromatic polyamide fiber sheet of the
present invention optionally further comprises additional
staple fibers which are different from the meta-type and
para-type aromatic polyamide staple fibers (a) and (b)
and are incorporated into the staple fiber web (A). The

25 + additional staple fibers should be in an amount in which
the performance of the meta-type and para-type aromatic
polyamide staple fibers (a) and (B) is not hindered. The
additional - staple fibers may be selected from, for
example, glass fibers, polyetheretherketone fibers,

30 polyetherimide fibers, polyphenylenesulfide fibers and
ceramic fibers. Also, when the additional staple fibers
are contained, the total content of the meta-type and
para-type aromatic polyamide staple fibers (a) and (b) in
the resultant staple fiber web should be 80% by volume or

35 more, preferably 90% by volume or more.

The wholly aromatic polyamide fiber sheet of the

present invention optionally further comprises a small



. t.he longitudinal axes thereof when the staple fibers (b) 20 are heat-dried
or dehydrated, and the neta-type wholly aromatic polyam de staple fibers
(a) usable for the present invention include ones which shrink along the
* Iongi tudi nal axes thereof when heat-dried or dehydrated. Therefore, the
el ongat abl e para-type whol |y aromatic 25 pdl yanmi de staple fibers (b) are
used in conbination with the shrinkable neta-type wholly aromatic

pol yam de stapl e _ fiber (a the resultan e fib
exhibit a si gnla%l cant | yfsen %ﬁge Y?rrgﬁglig%a‘f‘rsrf‘ga)% ?I?OFY%T/JQ% V\W’I%Iﬁtlt%e%b
is heat-dried din ddigydramedf sphemesy - f3®kabs@rb%©lab$5hy@l$ ard. In the

present invent 'a@@atﬁro@lfaqr %thdtbgnaﬂa Lype aeﬁ@p{ia(nsli %@H& ,?A
staple fibers shrinkage of 0,10 t 0% nore

to 7.0% and t é‘rﬁalFéetsyﬁétﬁ/ﬁoFPi:/oa'Pﬁ%f%Elp%‘l‘?/a‘iﬁ’*ﬂ% %‘?‘é"ﬁ%“ 3@‘?|%%‘ (b)
have an e$ongatindn pafraBt@Bet stdp0&s £ preter o) yand. 05) t 0 Théle fde, siw i nkage

or elongation ¢an gﬁogggt Lel {ﬁg Qé(% lor%ji ug#i?% ﬂfdep{ e‘%‘c“ o condl tions,

particularly the heat-draw ng con 1% ons, ers or (b).
Al so, when t he tSRr MikAge tBAJTE Rl Fanb- £ ibRr s3herte Il‘é)be?’shl(lal)t amoretdmced

el ongation of tik@reaghatipepsbpdley Svithetise &FLr O rehsh asi Jentd aed
above, the resultant fiber sheet,” | am pate or eglr ctric CII’CUIt boar d

exhibits an eRASREE]™ Pé@?gfaﬁt%“t%t%%f Rt andyiths t i on,
curling b® cor magabeommpaednstg@nﬁm@@émly ammm(hxdﬂﬂﬁmm&irmw wSittabi ity

at a high te t ft
net a- tyge mg})?g‘@at}%gm???g cpo?g %pns arﬂ‘?éé%ldlbeilg’ (a Hé;nkdg‘%%ng: e tgﬁc&%l on
of the para- tV‘ﬁéav&ﬁMPPyaﬁ@’B@rﬁw cPC?)bY leratthisl e il Pe are

det ermi ned by '&:betﬁrQEE@w 08 ﬁgawyewg hmsﬂn%sslS dﬂbftél%bsl Bl EL0 o
el ongati on neasur.e

th t fibe a) ar are
i mersed in wat'ér9 ggﬁ??en%%é%‘% Lﬁ’éetf%?a ec-H’btlur ( Zi'leltc?w(ttyiff’(? stapl e
fibers 1 abswhblwat erpomanilc apel yhn stk aatap)lmnﬁmm a(ta)re (ii) the
water -absorbed stapkg Lhbersedale OfnklNe 258, 2 NEA! G UBLROTLEMREGAt Ure

to a tenperature of 300
para-type aromatic polyamide staple fibers (b) usable for

the present invention include ones which elongate along
_ the longitudinal axes thereof when the staple fibers (b)
20 are heat-dried or dehydrated, and the meta-type wholly
aromatic polyamide staple fibers (a) usable for the
present invention.include ones which shrink along the
ldngitudinal axes thereof when heat-dried or dehydrated.
Therefore, the elongatable para-type wholly aromatic
25 polyamide stapie fibers (b) are used in combination with
the shrinkable meta-type wholly aromatic polyamide staple
fibers (a), the resultant staple fiber web (A) can
exhibit a significantly enhanced dimensional stability
even when the web is heat-dried or dehydrated, or water-
30 absorbed or hydrated.
In the present invention, preferably the meta—tYpe
wholly aromatic polyamide staple fibers (a) have a
shrinkage of 0.10 to 10.0%, more preferably 0.5 to 7.0%
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



. heating rate of 10 CUmnute, to dry the water-absorbed staple fibers (a)
or (b); (iii) the heated staple fibers (a) or (b) are inmedi ately cool ed
from300Cto roomtenperature at a cooling rate of 10 U mnute, 25 (iv)

B the heating and cooling steps (ii) and (iii) are repeated further tw ce;

and (v) the shrinkage of the staple fibetd ta) and the elongation of the
staple fibers (b) are caIcuIated in accordance mrth the equations (1) and
(rn, respectlv 100 L = L4 L L3 x 100
U1y Coher ef HEaSs EERELuR Prpe i R o0 1« RELC AT I BBP (a)« LL
represents a | begthdodwime cirapilteidts, fdtherhe (sappdfet dibelrs Watepxi ke si ng
and drying steg, éb% WO Def g tr?@é ad Q@etlnré&astt%e( sithp1k? represents

a length of the staple fibers ter the final cooling ste
represents an &fBRERt(dh 37f %*’tﬁ Y gatdnne of ftrhﬁePérG‘b)tYPEBSFéBrL@sents a
| engt h ofs t he sipgte itéMﬁdh&ﬁﬁlkﬂdeastﬁuaumﬂmeawam63bsrmgeskepuathnand
before the first heat |n ste i pry g f,.the
staple fibers %b}feaf? Final tez:(ﬁ)o |ng %tlrl% (ﬁ:ﬁ g gﬁagtga%PhlB st 3- type
whol |y aromat i enpemly@rmete QEOSJ-sﬁtWC@ f‘ucbeiest(ra\)atarO@ prfefreleabmylgel ected from

pol y(net aphenyh enecisopht ralﬂrmrrge)oxstc%ql&gfart%rns a'ﬁLiS@a_gnUﬁQcﬁhUl?kabl e
para-type whol |y aromat| c pol yam de stapl e éﬁ'q& fl g?\ are referabl
e

sel ect ed from SPRRYEPArSPHEHAMRE (Sdreddrit aﬁf"@pﬁ BEPgeaﬁHdB
copol y( parapheayhe@le/&nﬂldmgydi phenyl ene (in a copolynerization nolar

ratio of 50 or moreRd S0l dentANAATAR AbaBleathiarse Vhen the

staple fiber web (A) conprise nmet a- aromatic

pol yani de stapPelY#mide (tgple( iharisnd a §H1|d| ﬁlh&géléflgétient @flghe%

deternined as pepiiopsd @QQM%/ Wi ddhathe wgahme %abhg aipaRti ¢p) pakyam de
t

staple fibers éb% havi n I Ont%altll on of 0 t 0% get erm ned as
r_rent i oned abov %Zﬁ'%ll?.% owlng measuremen met
15 In the shrlnkage and elongation measurement method,

(1) the staple fibers (a) or (b) are immersed in water at
room temperature for 24 hours, to allow the staple fibers
to absorb water, and are dried at room temperature;

(ii) the water-absorbed staple fibers (a) or (b) are

20 heated from room temperature to a temperature of 300°C at
heating rate of 10 °C/minute, to dry the water-absorbed
staple fibers (a) or (b); (iii) the heated staple ’
fibers (a) or (b) are immediately cooled from 300°C to
room temperature at e cooling rate of 10 °C/minute,

25 (iv) the heating and cooling steps (ii) and (iii) are
repeated further twice; and (v) the ehrinkage of the
staple fibers (a) and the elongation of the staple
fibers (b) are calculated in accordance with the

equations (I) and (II), respectively:

L, - L,
S(%) = =2 S % 100 (1)
1 ]
30 and '
L, - L
E(%) = “L 2 x 100 (IT)

3

Q

wherein S represents a shrinkage in % of the staple

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



. fiber sheet exhibit an'excellent dinension stability even 25 when used as a
substrate material for a lamnate for an electric circuit board which is
produced by a process including repeated water-washing and drying
procedures applied to the substrate material. In the wholly aromatic

pol yarmi de fiber sheet of the present invenfion, 30 the binder (B) to be
incorporated into the staple fiber web (A) conprises at | east one organic

resi nous material, __parti rly.organic th sett] i nous, mat er.i al s,
for exanpl e, egg%frrsezﬁhs?%%@n%ﬁcvgag’i)érr%oh“r‘fﬁé-{%?r%]Ad’{e]%ycg‘g;”{r] sslstr‘lasp, (1)

pol yur et hane r @sidndedpdenthant hes ¢ orertt tedhy#lee B5( ¥ ki s, rARDAgenkhese
resi nous nat erial t X L Nns. i C o) i &ast Lpoxy
functi onal gro&%ng’grh %% %ﬁgl é’elt(::%ﬁ‘?g(lj aﬁhb%%ge Q?)(s:pge_r@{s%%%eﬁ% nélan a(f?g%‘ulg%di um
and have a hi §fePonpatPBreFe)tHi dh ¢ HNIAF M hikchpdsitheof taPloe

i npregnatgd inftibersesvlt ani rdpHdsendsoamlliengRel yEnitde sthpee sheet in the
prepreg-preparation step are nost 5 preferable. The binder (B), is enployed
in an anount of1Rer§ (80 BAFRE BYe W& g IHIH T HbISFRP tld 1R ashhed

wei ght, per l1l@Gepditrstohebhéngodadp wei ght aoid tlherspapkentisber lemgbh(A) and
the binder (B). _lf.the_ampunt. of the 10 bi nder .1s less .than 4 parts by
weight, the st 351 &St F’ngge( SRRt @M %g%%tt}béé@slarﬁ sfcéjcsldﬁq ftﬁﬁded to
each ot her thr@bghetthegbtadte rd)a+typdeviariptdmmatfia lpelystreplee fi ber web
(A) by, r ex : r.form acad ore, the

resul tan{@fi be?qg th @égggglgégo%%%ﬁﬁt a .%%ﬁlgé}gcrﬁdq?e%%ani cal strength,
for exanple, PeAZimetarhenytene Alsephthal amidF) ishammie fibers - oRlske

bi nder (B) resuhksshifRSY¥1Ergakags, g HiEl 1y estdaniic fddiglanskeetstaguel Nng a

cal endering step,and/ a reprgeqg-preparati gn st i ncl udi ng an
i npr egnat i on o%lPﬁgszggfi%E %%éé%k%b% 5V ﬁggghposition. Also, if the
anount of the brhAgéparsphenelemant SO9phtihalemiga) stee leediilbearst ahidber sheet

exhi bits;f reduggdyi BRESIRES IWh P PRETINpM tdhddiR MRY Nissh sconposi tion, . and
t hus the varni sh conposition 1s Inpregnated unevenly or A 25 defectively in

the fiber sheefOPRAYMEREZRBIRN dIOtde R IR H HnBsiMaTs SaRFot ese)
sufficiently attaepRfhalamide) staple fibers.

When the staple fiber web (A) comprises a blend of

the meta-type wholly aromatic polyamide staple fibers (a)

20 having a shrinkage of 0.10 to 10.0% determined as
mentioned above with the para-type wholly aromatic
polyamide staple fibers (b) having an elongation of 0.03
to 1.0% determined as mentioned above, the resultant.
fiber sheet exhibit an excellent dimension stability even

25 when used as a substrate material for a laminate for an
electric circuit board which is produced by a process
including repeated water-washing and drying procedures
applied to the substrate material. In 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 metamine-formaldehyde

35 resins. Among these resinous materials, the epoxy resins

which comprise at least one epoxy functional group per



. Also, the resultant fiber sheet is unsuitable as a substrate material for
the lam nate for the electric circuit board. 30 Wen the aromatic
pol yam de staple fiber sheet of the present invention is utilized as a

" substrate for a lamnate for electric circuit board, the dinensional

stability and resistance to deformation<flér -exanple, distortion, curling
and corrugation) under various 35 tenperature and humdity conditions are

significantly fluenced by bul k densit tensile strength, and
i nterlam nar pgeiil ng‘ist ?Qﬁg%ﬁe ‘fil?ﬂ%r?flﬁg‘? thedht .acﬁeo‘ﬁcg‘b 45 HYy13nd
preferably thehBukkadaaght youpatheiliberwisheghe ivamauisistaungas ik i4mn tt@ 0. 80

g/cn8, nore pr %fae'iﬁ\BHéPthéé §R Pné5-8LeBant %c;ﬁE?'Axeon%{f@g;ﬂ@nw 15

fi ber sheet t?% ﬂ nm or nore, nore prefer
mm and the intéPPAnPARSPtPABI FRAY %’E‘Fféﬁ@‘ﬂhplf?i’al%a‘iﬁoﬁ ﬁﬁﬁR)rarrﬁ)r“@Strmre
preferably 30 peef@rgbl&.mm If the bulk density and/ or the i nterlam nar

i h hg fib i 15 g/ 15
mmor Tess, the stapls PiBert (BlatbdTRLLIE %Hb Th Lo b i on of

the fiber sheeﬁonﬁ?réihbbl Weaght e dercefle bondy rfg tr olﬁerpcéy?ttso gacteigihtter, and
may all ow the pxar 'ﬂb@hpSQ{f‘Poéft{}Qé‘ E&Qf WY IRINA 6thd nsttacaaé | ABRAN

anount in the m ddl e | ay ortion, this increased anpunt
i mpr egnat ed vaY’ﬁPsIﬁA?:oﬁﬁﬂsF £ OPLRRST p@%)m)t ek Hér‘el?“lﬂﬁ’dléélorfamh@ | ocal
movenentlof thbladepl emjl bersess theen 4qviphittss 1Ry eve ipoid,i Q'J‘h.e &Itdiptlléus t he

st apl e fibers ¥e sglrlabgtgft Ipr%/terg%l_ éa@fﬂeaét%?d.q?t % resul t ant

| am nate for the e CCII’ he” uneve |on “of the
staple fibers ﬁﬁ?hca%%rth@r@@)g@lm&’mﬂeﬁr stBabi i ttﬁl&arfd?m@éill;qnamfethe

def or mati on unéeaple\jafiﬁélﬁ WEHPEL Aty & e iRl Y € Qagetd G i nle
decreased. Alsg, if . the tensile st ength .of the .fiber sheet is |1éss than
2.0 kg/ 15 nm Pﬁgc?ggﬁ?ta‘ﬁ? f?rbee?eécﬂéeg't resuliantifibeT §hSSE €P8€tory

resi stance to hetakagebiura r@fmwmlrﬁtmm tsitarenigigbr, e goat i on

procedure. Furthgrnieif y of i_ber N re than
0.80 g/cn8, the res u?fa%%p$g xgeergﬂﬁ %1 e ‘i st reheahBuhl
of the binder (B) results ln easy breakage of the

resultant fiber sheet during a calendering step and/or a
prepreg-preparation Step including an impregnation of the

20 fiber sheet with a varnish composition.

Also,‘if the amount of the binder is more than 30%
by weight, the resultant fiber sheet exhibits a reduced
impregnating property with the varnish composition, . and
thus the varnish composition is impregnated unevenly or

25 defectively in the fiber sheet, and the role of the
varnish composition cannot be sufficiently attained.
Also, the resultant 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 inventioh is utilized as a substrate for a
laminate for electric circuit board, the dimenéional
stability and resistance to deformation (for example,
distortion, curling and corrugation) under various

35 temperature and‘humidity conditions are significantly
influenced by bulk density, tensile strength ahd

interlaminar peeling strength of the fiber sheet.



. unsatisfactory inpregnation capacity for the varnish 30 conposition, and
thus the resultant lamnate for_ electric circuit board nay have

unsati sfactory electric insulating property,. dinmensional stability and

deformati on resistance under high tenperature. and high humdity

conditions. 35 The wholly aromatic pol yanilde-staple fiber web (A can be

produced by any of the conventional web-form ng 18 nethods. For exanpl e,

the neta-type . matic olyam de staple fibers ),,and. t.he

par a-type whol %8E5¥6§Q?¥c BB?{‘/%E‘?%@Y s?’é%ls%u Py cgfetrbef hidst in a
predeterm ned Bheati kg adjghtedatd of - 45 predet &4 rﬂ/frgd],SnmEgkvtreéferahéybl end
I s dispersed '6.§5C?85b$&§”§7c19“f, Q:'htJeSte Q ;9 e43% MRl ght o'f”tf{ét ¢ pkp provide
an aqueous staple Iber “slarry;” optionally,” an additive, for éexanple, a
di spersi ng ageaheer Bov?s@oksgf 5 rmgubmtmone ageme prefexhded t % He aqueous

stapl e figer shusryg,tHenp esuhd affle 10, AGUEME St A& fidelc dgehy dos
subjecting to t paper- formng procedures using a wre doaper machi ne or
cyl i nder papeEnﬁZh?n‘é‘“t%rdP%Wdé“%erep%Fp@mI}f & difeet? Y I Mer  (I6)
conpri sing at tkasbubkedefighty Cadiomnotise iretearliaalinasr igeedripey attaenigitha
pr edet er m ned lLd.a o, t t er-Ii S y neans, for
exanpl e, a sprggi {r-ﬁge n‘g?ﬁ%%;srg‘%%é blrsnlcalbea'r‘i-l"%lerﬁ:/gcrqrgo?gt gég\ﬁe?ggzggr-l i ke sheet
is dried to prd¥idéla mmyomhbidsy, artosredtap Jpol fidramde 1 statplde ifn e sheet .
Optionally, a a fibe eel. ] jec tQa f:i.ni_shi ng
step i nc]]d/udi ngﬁgéﬁieéat I‘%&E _ra‘g%]tetrrleén (%fnd?lc]):"r ettail Hﬁfr e?ggr?gt t"% ate?r%ﬁtb,l.tt s adj ust
the thicknessFeBuFRddeprdinyg medrRmiitdlo aedhqthamd ek nayy aldoretgeh.

whol 1y, res"?-“’““‘*"ﬂ?“t@‘?’“f&"%‘%'t?y?e*'i’:(;’*e@“&@? e s oy 55°

0 aromati ¢ pol yam de staple fjbers (a) .an e para- € who

ar oma%/i ¢ pol ya?ﬁ‘%l‘gng%/’arbl‘é % |’TJJe‘$CLle( B)2 ¥ ‘)etrﬁféﬂ |tﬁ‘l; W&&y&ps&dnﬁﬁ‘@lixﬁei ght
rati o, the resofttm ibheEneledc tstdptaeifidiercon(pa)s iancdn Blayampeooperedhat random
b i i gh i weh- f i bel t

y usingghig uﬁcgsggrst#ﬁw dlééaflgq.gafvb&(b@]er ﬁa%cslr@#eatsec%gq% g \B%Q(s 9hMAg be

to forma wet we e stap end; the 3 nder (B) 1s applied

in a predeter iMiddlerlaemErAroitio amke thets wie sttapde fiksrs rarebe(a) and

(b) blend to distributed unevenly in the inside of the resultant
laminate for the electric circuit board. The uneven
‘distribution of the staple fibers may cause the

20 dimensional stability and resistance to deformation under
various temperature and humidity condition to be
decreased. _

Also, if the tensile strength of the fiber sheet is
less than 2.0 kg/15 mm, the resultant fiber sheet may

25 exhibit an unsatisfactory resistance to breakage during
the varnish composition-impregnation procedure. Further,
if the bulk density of the fiber sheet is more than
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



. Incorporate the binder (B) into the wet web; and the binder-applied wet
web is heat-pressed and dried to forma target wholly aronmatic pol yam de
staple fiber sheet. 35 As nentioned above, when the staple fiber sheet of
the present invention is used as a substrate sheet of the lamnate for the
electric circuit board, the dimensional ~1%° Stability and deformation
(distortion, curling and corrugation) resistance under various tenperature

and_hum diy 00 hes T esill Aol A0 N34 a1 20006R. LABLYGNGRARDYCt he bul K

density, tensile strengt a ‘I am nar engt the staple
fiber sheet. AR %W%ﬁﬁ)ﬁtaﬂmﬁaﬁﬂhﬂmse(ﬁnbéﬁdsﬁéétpﬁfépéVaﬁlUhob#ﬁcess is

preferably contsmdt e pal yti cehetlapier rfmb@reom&l)t heasbandqdayifAgaand
heat - pressi ng con |t|ons sp t.hat, .the res tapl e _fiber sheet exhibits

mine 1 glta o d
the above- ment§oned T2Vl (ﬁ BRI 16 985s 6V 1°f eRs PFEUEPERGPRYand
i nt er | anPnar mﬁﬂqhﬂ;O%tMengﬂhndEsﬁeduapbyﬁedhenheaCOpsesSengypcﬁcedMBe is

| mportant and shayl ¢hbe,&ddf Ud Yoa ga.et e8! bedviBa ancXauLbEs ﬁesgléhe
heat - pr essi ng rocedure Is effecte ca en the
stapl e fiber T jsglufey Yy %l&&a}lﬁeaﬁnpﬁégéédvﬁet \ﬁeéneéarna%e, ral | having

ab di amet er ofdidisars zérﬁ; taz;e&g gm &ndleaoellagft-tegwlatlhf@va@gnta di arr\el\;]er hOf
about 30 to 100 rovided wt per. sur e portion ichis
def or mabl e or %e‘%%gg tglpaﬂpegpsthapgg E bg “h3vithgY 4 gﬁ%ng?%Viﬁ?nﬁbout 20
to 20 880cm RAYSRPS FRtapdat -fplbess|sdgrp;yoeedanegechenqete vgpepapbot | y
aromatic pol yard e g egyoﬂcédu%nssueq}lga@ew&%t gagdr ﬁEQhPﬁésérb Pfﬁd% the

para-type wholly aromatic ol yam de "staple frbers_(b) at portions thereof
i ntersecting ?nqﬁﬁh1Q§h&°tﬁé°§ﬂ§6Ié VFEeP?P?éyléhﬁ SEeeh) are further
bonded to eacrbntdmr (tehyr mmgipruhengbamdeéa(aB) ohacotpanat edes Nious he staple

fiber web (A) t,h essin cedure is
carried out pré}era ]y%§$qggaegbera ar é o% §£8§$£egﬁnﬁéd 9%g+ ?W%R%Fably
280 to 3B80C uriderthe |Watedaperedskeesbee80bysS0ekgsenfor epamplepra

preferably 180sdmvA0y lﬁ'@t@ﬁh EpRepi alby .- 1hherPsphe Db esst “ﬂa;PéP—CF%e s
effected betngﬁ?é pair of t he above- nentloned hard rollers. If the

heating tenper 3% qrd&d Fﬁaﬁr?HGé?aﬁdPBY wholly aromatic polyamide
staple fiber sheet. Optionally, a resultant staple fiber

~sheet is subjected to a finishing step including a heat

20 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

25 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

30 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.

35 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



. the pressure is | ess than 150 kg/cm the resultant staple 35 fiber sheet

may exhibit a tensile strength of less than 2.0 kg/15 nm an interl am nar
peeling strength of less than 15 g/15 mm and/or a bulk density of |ess
than 20 - 0.45 g/cnB. Also, in the production of the |.am nate for the
electric circuit board fromthe staple fi Bér-sheet, the staple fiber sheet
must pass through a heat treatnent at 5 a terrperature of 240C or nore.

Accordi ngly, ¢ f eat_history f th St apI e f| ber eet at a
t enper at ur e e%qgg%kggtg aﬂé‘ % £ AR The He tto SR mSRE L lTp &P glt ure,
before the heafC¥Feashban) I%S Jesirﬂrr%bmnﬂe)r tv@ froase rieimpg r adruares iandbl| e

di mensi onal chla@xgecslapdofOirﬁ@tf&smoa‘adﬂﬁtleamalat@asrfer%'f'&eﬂf it ghaghe fiber
sheet during th eat i]ﬁ tment.. Therefore, tﬁ‘t )?re treatnment Is

contributory l?% DRaRR et RIS s§trz%5‘igl ndhdnderdpmairan
resistande of péelimrgustrengttan hathe fsrapde ffridert kdeest.aphecbirbengsheet

at a high tem@}‘ié‘té‘{%%léB%ﬁ%ﬁ:grsq{er& Y aG aTRA ?‘%% sgf %hgre ;g?é?rs of

the present inventi at - pressi proced Yi ber
sheet of the preReF?l 1o et ivat |5§1€1@teffé>rrabln39 C@alﬂrlteenéuﬁnayduynng and

cal ender at a t ﬁéwﬁ@fc&&&t@oﬁso s¥6RRandae %elsumeaht%%agyée of 180
to 400 kg/cm g e-nmentioned heat-pressin ocedure_is

Af t t he V.
applied, the reqﬁ %ﬁe %b‘%ﬁtﬁerthfné"@f’v&f'm?ﬁ§lfi’f’@geﬁgvgﬁ'ﬁvgﬁt Pehkcan
exhi bi t 18 chan@%nsnt}dj ntmmndm Gft r@n2f%h amd Ilmerhymanbeapeéneagrrent at a

t enperature of B0 101 t n i of from
0. ZE to 25 0. 58% g/ cérr}g %bé\;\geéyiaqiya Qh% ?gég:ﬂrﬁ Féggﬁéggg?s applied

at a tenperat U ARY ahiFhesgdd é?ﬁdFélreéHdéV SonﬁF@ééﬁiﬂe hFgfer than 400

kg/cm the resagdmgile stétpe tHd heatsheeksiny ba&seeaubal ksdepsbéyelOEL than

0.8 g/cnB. 3Q !E.XAIVPLES The resent I nvention further illustrated
by the fol | oWl g BxXanpteed n“Pﬁ@ é’)?angﬁgsfttamg ééEFFaﬁ ®ehrdiiucts are

sto thelfol | ovﬁl?ﬁgfesltﬁi?leCtl’eﬁttt-@stegse(i_l}velublendenh'argl oblithavendider sheet
35 The bul k densdder &t LB ARe thi BN cfh88l WASelastic 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
20 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
25 (b) are further bonded to each other fhrough 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
30 150 kg/cm or more, more preférably 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
35  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



determ ned in accordance with Japanese Industrial - 21 - Standard (JIS) C
2111, Section 6.1. (2) Tensile strength of staple fiber sheet The tensile
strength of each staple fiber sheet was determned in accordance with JI'S
C 2111, Section 7, 5 using a constant stretching rate type tensile tester.
(3) Interlam nar peeling strength of starpIQé) fiber sheet. In the

determ nati on of the interlam nate peeling strength of each staple fiber
sheet, a sanpl g q }Qbhe staple fiber sheet having a length of 200 mm and
a W|dth of 15 mﬂwag peel-dl vided at the mddle |layer portion thereof at a
peel i ng angl e of 186ldegr éssthat proiimtp@eceé t gy harﬂ'upaaeélfrgrntﬂidqod using

a constant st egbehi-ng ezilt:euwpsosw%k Lentrah St dgn 15

t he sanpl e was neasured. (4) D nmensiona ange of stap e f| r sheet at an .
el evat ed t enpeF4fBLE. [ADGE apheet | BeFt sPRes H&W‘F@a@l% tﬁfiﬁam%ﬂt and a

wi dth of %0 rrrmvmemgubjawtedotmﬂoﬂ@a@blrrﬁé@@l HccHidwl ¢ Ortgdéeusidaalof
length of the g ﬁgg bef oEe and a1f:ter at _treat nt at_ a r;perature of
a

2800C for 5 ninu Wg%t%%ﬁ r 58P i ecﬁtr’re%ts%nta RS at e-
measur enent t eggmal( haderbylg/hen Hogy ot ke Khgat TheeatheaTye tgmfernat g

| ongi t udi nal |S@%Pe\/\/@ﬁecﬁégtl|@{-§9txhéh@5 £E U HA3NGSH, i 532 édﬂeprfeQ)én%n@g

equati on: 0/?‘ é; - La)/La x 100 wherein Dn represents chang
percent in theY AgRgFehde n@HeRFR PR bfcRIget %k fquB‘@rtlsq{e&f Bé‘tt\ﬁefé\ﬁl
before afd aftetrahe beathé ree&;m%ltﬁltbé)r rs&measemzslrﬁg 3hd orgit udi nal | ength

of the staple {:kggﬁmg{;get 'f’}flé rebeftt}eaé £atnent ar and lI_Sacre e%entsya

| ongi t udi nal | engt t he s ore the hea reat nent.
Di mensi onal chéﬁg%nb@ng%a@l‘eh¢|cbmemald@tath}llé;m@|%mﬁoamatth@meof 35 A

sanpl e of a stapkestihes SADIAE Mas, 1 Uy sleéinma&éwftoerme%i frgmgnperature

for one day and nlght fo allowthe sarﬁale to fully absorb water therein,
and t hen e 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



. 22 dried at roomtenperature for about 12 hours. The sanple having a

wdth of 5 mMmmwas held at two end portions thereof by a pair of hol der of
a thermal analyzer (trademark: Thernoflex type thermal anal yzer TMA, nade
5 by Rigaku Denki K. K.). The initial distance between the holder was 20
nm The sanple was heated in the thermal~ 2dnal yzer fromroomtenperature to
300C at a heating rate of 10 C mnute and then cooled from 300C to room
tenperature at caql i ut e. e 10 heating and cooling

pr ocedur es vvere%rre%ga J?gl t%e% }fw%%c HAT 2 {]I mes in total), while
recording a di rrensKér)naI Tehahfe sfrehethemfthtaple heilsanpiteeedn a  chart.

The initial length of th@héaer@m?ét@{rérk@tm%@readm@gﬁélﬁm&n%@e\e ng
step and before thﬁ@flrst heating 15 step was conpared with the |ength of

the sanpl e af t 8BRSt ABTSFMRALd o1l 3FP SIRRF Sl onbl 2t L e BFH Gerfoe

bet ween % he | enghh of cohstsanpsd ereddiernd heatateypd netssi g @xterdr yi ng
step and before the rs n {e f S Ie after
the final cooling St(g?) &nbs%g‘mg?écﬂl ?ggﬂl%r%ﬁi i@i Pljefoﬁetra glr?t ng% of the
| ength difference baseds®®ethe sanple | ength after the water- imersing

and drying step and befotg M@ ééiéimﬂ&@@i&g o SieHe Was Galaaiiingited. The
| oner the | engt hang

her the dinensional stability and
def or mati on 25P ?ng‘ggaﬁtﬁe%‘?uﬂ F%igs%ﬁﬁﬂes ?P]ﬁefs RS etiashre & d’“\ﬁg'teeP-f
cont ent -Mar yi ngheoataplensibg)stasdtorhimtiron aofléragnma:tfe 2f0d@r mel @aidr iac

circuit board,AqVAr Bk Shs CRIMOSI t r ri 30 a
m xture of a hYg u??é%s brom%atﬂeeg&bl sph%]&FaJAt-e&y}%g "Bg?g%y l% Sin with an

o-cresol novol a'er—y@@ oxsPF ext i reeking mpHgemt dfdsdeginggsofinto

di cyandi am de end piétEs ngaynmvcrdgéem Qrfgtkﬁﬁqs.issﬁdgn@ @onstant
i ssol t he resul.tant mxturelaamxed

2-ethyl -4-meth azo and
sol vent 35 conéll:rs'??}ﬁgl%? ﬂ%‘i%ﬁl’éﬁ%ﬁ%& G Set hyt SEERPSs6FFE R
m xi ng rldti o oth80#&0pby was gieasukeshnpl e of a staple fiber sheet was
i mpregnated with theyyarpist, Sidffye % AU Hehe sharkegpatgd
varni sh conposi ti ongwgs dJI;I edsclat % R
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




. a tenperature of 110 to 120C for 5 to 10 mnutes, to provide a B stage

prepreg sheet having a varnish resin content of 55% by volunme. y 5 Two

- pieces of the prepreg sheet were | amnated on both the front and back

surfaces of a first copper foil having a thickness of 35 m and then, both
the front and back surfaces of the resul 23nt | aninate was further
| am nated with two pieces of asecond copper foil 10 having a thickness of

18 gm The resgl ant amgatte was heatdagc{es ed |g&a reduced pressure
at mosphere at a —tenperatUP e BIPEATE &o8Fs40 RfrcAe™Pde 50
m nutes, and thewiegradvidtta dbt5 air wirsydre lat aa: ttv@rrpeﬂapmremhszooc for

about 20 minut @ﬁer@bf:utg}eda A A d & £ q:lbtrl;nlaq_ [ (ik}l Lpoard was

obtained. A specinen for the test was prep are cut t|n e cured
| aninate into SHEATEMPFletesThermafd ox IW@iRG Wh&ﬁ-‘d‘a\h Gﬂﬁl&'fzerlg‘ﬂAmmadﬁd
renovi ng Scent eby SKiLgulen il oS, xof) th@h%eq@mlaqome&ahebl pbayeks eheeach

squar e piece, th 20 nd vm d to retain edge
portions of thlggﬂééecon copp |EL |Wﬁls }‘gaﬁﬁpelf‘r ﬁﬁrﬁ FBRRMAAVI ng a
wi dt h of 20 mMmindlyzewanksaf r@tomhltregtpemumesmlot 800 °Cpatt aahéytehghedte

| am nat e pi ecest eg e daptnddL B een? cdoqERCT 2R 086 238 10 minutes.
When t he specipen 25 was deforned, for exanple, distorte cur ed or -

corrugat ed, dUESTRCEHS Hfe @t & ERCHERT, Tehe F?éxﬂﬁunF/EePBFﬁatl'Bheof t he
speci med Onas rﬁmmmc_d asd &dﬂﬂ)ﬂn@mrodleﬁheeenwelre kbpehewl fhetMeen the

def or ned pOI’tIQ,[;thI o tf]hre%er{ ral g%rtt %glﬁdn ?c% ggl 30_(7) Insulation

resi stance at a h%?e as in the
i medi at e pre\ﬁ%%%n%létﬁqloﬂ?’@mg&sotﬁséhe dsagsbr pacehefsamlheeltam mat e was

partially etchathiwo, foma q@mﬁha@qutﬁl e@t eadesamb1bng eryal $p0f Qe dp_ MM
and consi sti ng_ of the 35 secan il. The _resultant speci nen was

stored for 8L Rhidng gﬁ gﬂnatﬁdeP@cPegﬁF?a@ée of in9ly heating t he
el ectrodés at Sa:agermesr atomparetl GQ€hatha Lehgthver bhei eamylofa 8% Rihe and

et ot " one RSt STRRSL RN 00C, Agy LBl NLAULY ©

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.

20 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

25 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

30 a@ mixture of a high-purity brominated bisphenol A-type
epoxy resin with an o-cresol novolak type epoxy resin, a
curing agent coneiStinngf dicyandiamide and a curing-
promoting agent consisting of 2-ethyl-4-methyl-imidazole
and dissolving the resultant mixture in a mixed solvent

35 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,



. 590 volts was applied to the electrodes for 60 seconds, to neasure the

insul ati on resistance of the specinen. Exanple 1 A staple fiber blend was

prepared by blending 77 parts by weight of para-type wholly aromatic

pol yam de 10 staple fibers consisting of*a copol y(paraphenyl ene/ 3, 4" -

oxydi phenyl ene (nolar ratio: 50/50) terepBBhal ami de, adhered with 0.5% by

wei ght of talc particles and 0.1% by wei ght of osnobse particles, having an
i ndi vi dual fi ber tchkness of 1.67 tex (1.5 deniers), a fiber |ength of

15 3 nm and afR"8l 5AGAt FBA H&Q‘é?%ﬁfeﬁf B4R HHe iRt itiSh et s Hlivgd ag

0. 18% and avaal abinperlaldEfetdﬂE 1Y@dserdo af fokechrar a of rmmdf:@;q i roltd.

with 15 parts h f I de staple
fi bers consi stP¥ %?Q 2 Qé/s't }%If?rer%%?{séogth fal anc‘{ gaeQ'% ravvn %70 at a
draw ratio of ‘_-T_Ozlteahdoﬁa $%19b§anfq1nme&n dual fiber thi ckness of 3.33 d tex

(3 deniers), a fiber |engid ﬁ‘ecé% R Ak drapidikagesf J&rR%detienreaed by
t he above- nentioned tho In t bl en he contents of the para- and
met a- t ype whol P§ 2Pbhatic ‘?%rﬁ”tﬁes‘?ﬁ%lsé’ D Es drd SE3CPAPEY wei ght

and 16. 3% by V\ébghthavxegp@cttﬁmmssﬂmef sStapime faingle rt higing ndbowds tdiespended i n

wat er by usi ngr@npu&p@r%e d dl emarek %61%3%e%lW‘%'nQ;htlaﬂ1 %Nflg%ger si ng

agent (avail able under t Di spersi ng agent from
Mat sunot o YushfUuRERey aninatRd duitdn tammeﬁ &fl & ﬁeE@tndsICQPP?rhéOP-hg a

st gpl e n(‘jo ber nwm@ta?ihﬁuer%sty oeightym . The:h%tT&léls«alfualw 1§}nuhaxe\/\@§fs

subj ected to a er or m ng process usi a_Tap paper - f or m ng
35 machine, to %%gv?ﬂ%s%e%rgsa{) délcﬁdo&re\%?bl aﬁ%§83§§§§edl gp8r5| on of 2%
by solid wei ghtlelopeaavmeemﬁllskﬂé’rcsmid@r o spgl@@rsolreAOépﬂ@hlkgv’ohydfcm type
epoxy resin ( i the tr r f i Ny 270, from
Dai ni hon | nki ggllé ogyo %%en curerd?tqgggt lé\?\)/g 39trhe v\'n%% sgt agl e fiber
web; and then %W?@Wt%mf tﬁorﬂd’éir-lorrc@rb}@@lrtat2@dmvte§t apPecfirBdr web was

dried and curefamingedotodidn @Dé%rtricah%chq&p%atrw wadf ob6AEnkar 28
mnutes. The res&%%&%% éﬂlﬁé %2%@?%%% re aregebitg k%labb%he 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 etéhing. 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,vcurled 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



. 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 10 machine with a pair of netallic rolls
each provided with a hard peripheral surface and having a dianeter of 400
mm at a tenperature of 230C under a |imed@* pressure of 160 kg/cm Then,
the staple fiber sheet was further heat pressed by using a cal ender
machine with a, pai of 1 taIIcroIIsech r oyvi W|tha

peri pheral sur gceglan agfggesé UF aMet TPPOT? rﬁ*r%/ a errpergta&rL

320C under a | hnearﬂlpyessu?é% ORH208ndk gt e i @tﬁt@moam@rmta& taype V\:hO| |y

aromatic pol yagbfgeshanke $fb§discsé)t @Srépa@i\j'é)vl’ulnﬁe:mtt}p J¥ond /Yy e
para-type whol | ﬁﬁagomatl C yam de stap fi bers at portions

ol
i ntersecting ef PHEY . Aﬁ'ﬁ%r r"e%%l%%‘fa%ol‘? fla?%t‘iocltﬁcﬂeyé’tﬁ de $eapl e
fiber sieet had sobasi saseaphlied 2 tHarlelddter®isaplfef icteseshadiss wer e

subjected to t e;r,. 25. i .oned tests ( e test results are
heq2bteen e RN E5¢ LS8t s 1t G, TR

shown in Table Vas tonver red iEs 1L prepreg sheet
by i npregnating the_&a!tmL%h_corrposml on and then to a lamnate for the

electric circuit bogrelta,?lé he; gennerenBQd ey %@W%lemenbam nate vwas
subjected to t?e def or i on, test éG) and. the insul ation resistance

measur ement (7) ' aP2rES WPYH LA Wiy RAT 3B P Lo P& Ofd Ct B9 YRBAER S
are al sid showatapldablleeds .c@%s E=ainy & 2 A adpallyy paraphkeng lpakydnucde

stapl e fiber, oheghs Ry 26, Aloiosl fu, { hesa rt;etg;ms?aﬁg L0 Exampl e

1, except that er web 1n an anou
was prepared fReReBedpartl Qo8 39y waiakd gt teflc ti*t’éfts&ﬁﬂﬁs and 0.1% by
copol y( par aphenyl gne/ St %srwyéilpmedmdme Statvqr@ptatnhalnatle)tdstaapksbékber s and

0
tapl o 1iber s-BLFREEE o B &5 G FECICES o] ot REPPESLENELN P (7)
are showd in Jabhe dnd 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

20 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

25 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

30 Dispersing agent YM-80, from Matsumoto Yushi K.K.) to
provide an aqueous staple fiber slurry having a staple
fiber content of 0.2% byiweight.

The staple fiber slurry was subjected to a paper-

forming process using a Tappi type hand paper-forming

35 machine, to provide a wet staple fiber web; an aqueous
dispersion of 2% by solid weight of a water—dis?ersible

bisphenol A-epichlorohydrin type epoxy resin (available



. 10 Exanple 3 A wholly aromatic pol yam de staple fiber sheet was produced
by the sane procedures as in Exanple 1, except that the staple fiber web
in an anount of 92 parts by weight was prepared from69 parts (75.0% by
- weight of 15 the sanme copol y(paraphenyl ene/ 3, 4' - oxydi phenyl ene
terephthal ate) staple fibers and 23 part3:¥§59© by wei ght of the sanme

pol y( nmet aphenyl ene i sophthal ate) staple fibers as those in Exanple 1. The

results of the tests ¢1) t&gd{e@a Qre Z?‘i’é"ﬁg%{? 319 daphe }rdﬁxﬁé?h&orém

whol |y aromati c pol yam de st protuce
procedures as |Irﬁ1kE>k&ﬂ1§Ike‘k99Yéx8e§t vhat SPhéY%(tl am@aqui biefe vkéﬁbt i stamlenount

?L 92 parts brfaiewemgbt %aa E%@Haﬁﬁg géQﬁl32?935Iﬁ?éﬂqhéﬁéféaﬁaﬁg&ﬁue§ﬁ
e same copo anaphenyl ene ,phenyl ene. terephthal ate) staple
fibers as in Eé& % %6 76 p‘é{?f’sgrgﬁ‘i 94 BYCSRi Yhtd drot air dryer

pol y( nmet ajahenylaene ltsmplabslaahaéegnf s6aptefdrbzd snidmavers at a draw ratio of

4.3, and having a 3 i h 30/
~det erm ned byg Qg‘%vgg%rgrhl??g%eg%lggog%% eé@ﬁ sﬁg E%Oiests (ef) to
(7) are shown isﬁ‘ee‘FaﬁpésistEﬁa?rél @25p35t R W‘noclhﬁy Va7 ot |‘bf pots &tiard sst apl e

fi ber sheet waslbalrodubeanbyetb@r@@nsyp&@;@durceﬁ ﬂselwhrlii@mﬂe%ﬂn exgept
that the staple

an_anmount of 92 27 _wei ht was
prepared from ?’ZaBEFt §V\%?§ 3B5<by“aRi JREC T o?re‘%"lee& 33%13“““9 a ‘€altnder
copol y( pE? aphenypkbnee3wdthoayda phenf| eeeal I &r ezmﬂthaleaacd") mtaplded iWiahs as
in Exanple 1 agd p 3 t (@Mﬁ
i sopht hal at e) % ?%SS gé%§82%%§ rsggmﬁP%%g\gé%@ hap‘%la 00 4 anﬁkﬁaw ng a
fiber length oft08 Mitraf8 & SEFPRKAGEr®dfoD. 538 detwrdfmed 1igpameressure
above- ment i onedfmetborg/dhe rersh| stipd éfk‘@pl@sﬁ&e(rl)sﬁefét( WaArfrehewn in

Table 1. 10 ExgggLepresSMQO£§yug{ggB£IC P &E¥"é§%ﬁ¥&¥”&iéﬁ be% Shee% was
15 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
20 polyamide staple fibers at portions intersecting each
other.
The resultant wholly aromatic polyamide staple flber
sheet had a basis weight of 72 g/m’.
The staple fiber sheets were subjected to the above-
25 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
30 mentioned above.
The laminate was subjected to the deformation
test (6) and the insulafion resistance measurement (7) at
a high humidity as mentioned above. The test results are
also shown in Table 1.
35 Example 2
A wholly aromatic polyamide staple fiber sheet was



. produced by the sane procedures as in Exanple 1, except that the staple

fiber web in an anmount of 92 parts by weight was prepared from80 parts
(87.0% by weight of 15 the sane copol y(paraphenyl ene/ 3, 4' - oxydi phenyl ene

- terephthal ate) staple fibers as in Exanple 1 and 12 parts (13.0% by

wei ght of undrawn pol y( et aphenyl ene i sopf§thal ate) staple fibers having a
fiber length of 6 mm and a shrinkage of 3.5% determ ned by the

above-nenti one thod,, The_ results of the test 1) to (7)_are shown
in Table 1. arr?pg)llgggs E\Ymﬁré?l?a%?o%?‘fecg%%ﬁ/aan’ci Ch sz’éﬂi%pel‘?i er iRt was

25 produced bythRé $hrespaptediiikeer aseh nilb@mpireount exic 2 patted hyhe stapl e

fiber web in amedgR¥Nla8f pS2pRAEA St fym ¥ g e ?.rﬂ%)artﬁﬂ Jd QYA hparts
(83.7% by wei g t of pol éﬁ&r&{ar a%Penyl ene te) ephthal ate) staple fibers
(avai | abl e und&fet f8™Fr 89 (PrapkeARiene2b, 4 FTIMPPENESENRS having an

i ndi vi dusd fi beertphekadsse pfstdafle of ilxes (dnd @lanirrs)(6 .5 %) hgr Jeangich of

2N 2l $R93bEOBem 8 o0 PRI AL EID N B i ARG T e et hod
i sopht hal ate) $iBpFe fFbehasaain Exandiodr- |ength of 6 mMmm 35 as those in

Exanple 1, except tiaé £&&uBty idkage datargringd dy (the akowementioned
nmet hod was chagggg fiom 0.6%to 0.4% by changi ng the fiber-producing
conditions. - The‘results of the tests (1) to (7) are shown in Table

1. Exanpl® 8 A whol Eyampbereli ¢ pol yani de staple fiber sheet was 5 produced
by the same procedugegs ' E&ﬁ?zﬂﬁ' (A taple.fiber web
in an anount of 92 par?gf]b}bnawel g ce\ﬁ;dslﬁﬁgi?%rg #?%emtfg‘%e%a%?lse%&gg % by
wei ght of pol PTRArEPREPY | Eie samepndradr®s sisagine Eiapede 1(aeaceabl e
under the tradenatkipé Keppd Kt JIPMDUNlArBenk) ofaviangadisi BY vi dual

an ol ongat i on “BRIBL 089E GRSt Y e BAGPe (ASNonEd NELABA BAd 15
parts (16 3% bhewedmhtcardo e asmphanyilphertlaghienylydiphenylene
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
20 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 parts by

25 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

30 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

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



. i sophthal ate) staple fibers as in Exanple 7, except that 15 the fi ber

| ength was 8 mm The results of the tests (1) to (7) are shown in Table 1.
Exanple 9 A wholly aronmatic pol yanm de staple fiber sheet was 20 produced
by the sane procedures as in Exanple 1, eégept that the staple fiber web
in an anount of 92 parts by weight was prepared from 77 parts (83.7% by
‘wei ght of the same copol y(paraphenyl ene/ 3, 4' - oxydi phenyl ene

terepht hal at e) w8t gRE 8,4 & ber 13 r%%;é&xﬁ:é‘@? Bb.Y3%§5 b‘é}%@l}gh%f o

pol y( net apheny| ené i sophthalate) staple ers avind a-“fibe Ienéth of 6
mm and- pr epar et"? nS ¥Re oF WRMEE( PaTARhaHE eIk v iphiesydenen Exanpl e 1
of Japanese Unexephtiesl £ed erdtdpikd i Ciadd an d¥0. i rd-Eo&unpld at adddngwpakaki o of
1.1 in hot matgi ag? fyrt&gﬁ'rnﬁgt-tgﬁg;ed to .30 %d.USL ths %hrink ge to

0. 9% det er mi netl” By> T he> ApivAIN it iRSHR TRNARSIE Y HRDS dSTPRENGLAERY test s
(1) to (P) areS&dplm fibemablimawn & asimwl a5 oAath@l-By aadohaviiagpal yani de

staple fiber sheedrWesnhgd QRGP ANS SHE dN-Jeedyr 8 535 gbReExaRRLE 1,
except that the staple fiber web in an anmpunt of 95 parts by 29 wei ght

was prepared front'$d PRAIS M APt of the same

copol y( par apheny!| ereiie3, ¥ésuixyedigthemd anre tst gngphibhal7at axrestaple fhbers and
15 parts (15.8%bp% 1 weight of the same pol y(nmetaphenyl ene isophthalate) 5
staple fibers as those in Exanple 1, and the epoxy binder resin was used
in an afSunt of 5 pPEramplw 6yveight. The results of the tests (1) to (7) are

shown in Table 1. £xamils, Jalromt&cvwwlg,xénae@rrétthgaokygg}dghéé@%gsfi ber
sheet was produ(%ad ch t he sanme procedures as in Exanple 1, except that
the staple fi B WIS PlakEmSGHE BFOSSIPELSs 26y 1NnEXGHPLGad - pPEPRPRd from
72 parts (84. Mhatbytheeisghplef fibke s@de in an amount of 92 parts b

y
clzgpglay(par aphepyd e/ At prpudicRN@nyleRs 1a-ter ¢sht helaby staphe fibers and
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 wéight 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.



. P) its (15.3% by weight of the sane pol y(nmetaphenyl ene i sophthal at e)
staple fibers as those in Exanple 1, and the epoxy binder resin was used
in an anount of 15 parts by weight. The results of the tests (1) to (7) are
shown in 20 Table 1. Exanple 12 A wholly aromatic pol yam de staple fiber
sheet was produced by the sane procedur'esnas in Exanple 1, except that
the staple fiber web in an anount of 75 parts by 25 wei ght was prepared
from64 parts (85. 39 i,ght
copol y( par aphen Iene@}}}sel%e%lq p%eny gegggrs e?)hfﬁaf—] eFEet A Y ibers and
11 parts (14. 79232 i ght of the sane pol y(netaphenyl ene i sophthal at e)
stapl e fibers as thgsanpleEganple 1, and t he epoxy binder 30 resin was used
in an anount of 25 ‘Xi‘“hg)}ﬁ ht fresalts of thfthests (1) to (7)
are shown in Table o FEOHSt A WROEY S A B rBE R Dot Vi RIS {1 ber
sheet was> 35 prodivced by the same procedlulres as in Exanple 1, exdgd that
the fiber |engt f e YEF p, yleng/ 3

thad ﬂH& SQQPQE %?ﬂéﬁ hen lg £h aé%une&ygdﬂ?ﬁﬂ%#ﬁ%eprlength

terepht hal ate) staple s was changed
of the pol y(rref"z%&t‘?é‘r‘fyF”éﬁieprl’agéﬁﬁ\?‘hf;ﬂﬂalt‘ej7 s&’%t% (3 bets) vitis wehisghgedbft 0 10

nm The resul t podfy tpﬁ@abﬁéh?léxlé t@ré htl@é?a@é\PV@té e T@fde&rsl. 5 Exanple 14
A whol |y aromat équa%zim S oduced by the sane

q ta ‘F}é r
procedures as i & I Eﬁcg{b? tf‘ﬁg‘?m? 2 éf)?\él#) BTt e 4R & anount
of 92 pak®s byPO\mél)ghtavmg pneped edidualn Fibemartsidl@tksdoHyl \g8 ghttesd 10

t he same copol Kha n e/ f t tale
fibers as ||r[1) E¥(1DQ2 Bgﬁéé%gz % ﬁ%bgﬁ(yﬂé Mé%??%nmﬁm%r?&éhmarpn%ge%q a p

det ermi ned by Cfe Qéév@eﬁ%ﬁ’f‘ilﬁ%dbhe‘f%cpwmwet%é“ tarﬂ@atl ng
condi tions, andSl@amaBt$16199§95yt»bﬂ@ﬂﬁﬂHL(ﬁhéfﬁhﬁéﬂﬁbiyimetaphenylene

p0| y( net apheny EBSh‘t?ﬁQEhEh?' aE eglgtp&éarsf Iapserisn ?xampleB%a exce%t 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 pérts 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 process as disclosed in Example 1 offJapanese
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



. The results of the tests (1) to (7) are shown in Table 1. Exanple 15 20 A

whol Iy aromatic polyam de staple fiber sheet was produced by the sane
procedures as in Exanple 1, except that the staple fiber web in an anount
of 92 parts by weight was prepared from79 parts (85.9% by weight of the
sane copol y( par aphenyl ene/ 3, 4' - oxydi phenyl%®ne 25 terephthal ate) staple
fibers as in Exanple 14, except that the elongation was changed to 0. 7%
determ ned by bove- nenti oned_neth and 13 r (14.19% by weight of
the sanme pol y(%ﬁgﬁer‘ﬁ'ﬁs’eﬁéep%ﬁﬁt AEP At géj RG] el ?‘?b%?% bypve ekl e 14,
except that thé&hehsiemkeagereds (phnageenglena/ 3, Q% abepdipheredl dne t he

above- nenti oned h i =& reat C iddons., The
CTRphed iy o5190URTY ESeletiad o9y s IO, e

results of thete%‘é@ %Jf) to ‘

1 35 A whol |y ¥PoMEEi Ofpbh§antBe RebpleetipReneirng iRePhhddiedd by the
sanme procedur estaplienfEkarpl &s ltheéxeepi Etdaild he, séraplnd ié}ﬁfx(y'\ﬁbtlnid@ra”
anmount of 92 p by - i ght was prepared from. 89 parts (96.7% by
wei ght of thesc"%%lr%nra1 %Sgs)oﬁ%?d;\?}ép rén? Oe‘h'gs ti -&ayrcﬁsphbé’nﬁeé?@t‘

t erepht hal ate) st apFeef Fﬁé\dgt%\rmf dhartess 8. (W) twy (ki gite sdfowrhénsane

pol y( nmet aphenyirapeei sopht hal ate) staple 5 fibers as those in Exanple |I. The

results of the testﬁ 1).to (7) are shown in Table 2. Conparative Exanple
2 A wholly aromati c—ﬁéﬁﬂé%%—ﬁie' staple fiber sheet was 10 produced by the

sane y prlocedures a3 whoEkpnptends iexedptamitdents tapd estfapled fsihle@kt wah i n an
amount of 92 p [ f 62 rts . (67.4% by weight
of the sane cgﬁélég}?égra h%l%%z? %r%@%ﬁ%%e@nyﬁne%aﬂpé%eéht ﬁ/%f:ﬁgé)
stapl e fibers BRAL3BNPaF tRPIBAL G Iwebl 5 nn@inglamonint: i 88nparts by

pol yl( met a]E)heRydjéD@hi:S@@@tﬂSlﬁé;@él@d f%tcﬁdﬁ'ﬁ iPaelss (3% .7RGSey Relyagpbe 1. The
results or t etﬁgségmé12055i§83afgﬁié%§Tg%é/@,4'—oxydiphenylene

15 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
20 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
25 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
30 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
35 produced by the same procedures as in Example 1, except
that the fiber length of the copoly(paraphenylene/3,4"'-
oxydiphenylene terephthalate) staplevfibers was changed



. Table 2. Conparative Exanple 3 20 A wholly aromatic pol yam de staple fiber
sheet was produced by the sanme procedures as in Exanple 1, except that
the staple fiber web in. an anobunt of 97 parts by wei ght was prepared from
81 parts (83.5% by weight of the sane

copol y( par aphenyl ene/ 3, 4' - oxydi phenyl ene 3% terepht hal ate) staple fibers
and 16 parts (16 5% by wei ght of the sane poI y(rret aphenyl ene

i sopht hal at e) pl e fiher t hose i n Examp 1, and the epoxy binder
resin was enpl 53?e ) SHB ﬁn lB?rBl?)’é‘?'E}% ‘b§/ 9\%‘? gﬁh‘?lY('I*Pf’et‘T%*é%f ]é"lff t he
tests (1) to (Zpoghthshewn) |ataﬁDeTﬂhbers2 wadhechasged and K0 apd e i ber sheet
was frequently brokgn ducjpgst eggigtgén rosegy S; yas
difficult to conti nuous y p?g%egg on pﬂontg C%?rasbraéragﬁcslﬂyé(anpl

35 A whol |y ar d@REPc lpol yani de stapl e fiber sheet was produced by the sarre
procedures as in Exa @Jnelé,lexcept that the stapl e fiber web in an anount
of 65 parts by - 32 t was pre fro rts. (.84. 69 wei ght of
t he same copol y(par apHeny %n%f%‘"%l‘gx%i%f%ﬂ‘é’n‘i}‘} te‘a‘opalt erfelﬁﬁﬁaﬁﬁﬁe%/ “GSapl e
fibers and 10 papdycedsbydghdysaneigmcedurdre sanm @qur(plreetlapreemelpe;n e

| sophthal ate) Bnataphe LERSIS 2mpdfians: ifh Easarmlo%rﬂt b3 resin

bi nder was enpl oyed in an anount o arts by we The results of the

tests (1) to (YP4RE gﬁﬁmﬂr?ﬁﬁar%bﬁ@@ hﬂa}lﬁg‘-‘trﬁeo'\ﬂa%rm@hwelght of
conposi ti®mn- i rrphegaameoaoﬁﬁlp(gmﬁbﬂl I eéhy Idneas, q‘mmq;ctﬂlﬂ{er{yl?n\éa; ni sh.
conposi tion wa o fu netratelnt side of t
staple fiber EeegiJ hgg#'e tap l%/ eb Sheedt Va angf‘é:&p&né\%ﬁly
The resul tant phepebgngaeien haas a:hamgﬁb-brtcofo slp‘%ot@tdﬂe:rmw@di hyomhtEhe

unevenly i rrpr egBalednd Rt Y du %&b&%&)%} tdHh AN Wae tﬂa&-tt%la%

ractice. ive Exanple 5 A wholly aromatic pol yam esta eflber
b nB SEtYons, and 18 parts (f@ 6%) by wéigﬁ% of the same

sheet was
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



. produced by the same procedures as in Exanple 1, except that the staple

fiber web in an anount of 92 parts by 20 wei ght was prepared only fromthe
sanme copol y( paraphenyl ene/ 3, 4' - oxydi phenyl ene terephthal ate) staple
fibers as in Exanple 1, no pol y(netaphenyl ene isophthalate) staple fibers
wer e enpl oyed, and the epoxy resin bi nder? has enpl oyed in an anount of 8
parts by 25 weight. The results of the tests (1) to (7) are shown in Table

2 o eoul At ighADLAs! KhEbaBlaCt uASah! SUEDL (Yo DEPKED LLLLDE o

cal endering proce ures.
pol yani de st apl&ef SB8F §ﬁé@th\a§raph©dub%@Ieb§/ %heomlmmb@m es as in

Exanpl e 1, exceptrephlﬂataltahe)staab@efrbsérweé)nd N3 3P ADUM . 9y 85, R {h DY

ht
\(/:\g:ogl y(ﬁfagﬂgﬁgt g?l’e/é %e 8% tﬁ?‘ﬁﬂ&ﬁﬁ?ﬁ%%%‘? epHB R e ARG i bers as

in Exanpl® 1, rﬁeprFyéﬁ”et—hphenyhenxeampls@pht hal ate) staple fibers were
enpl oyed, and Lhe epxyrds,)£eShp ﬁhé‘dgésé’@s(l?)wﬁ@%'% | AN aipunt, of 15
e 0

parts by weight b The results tests ( are shown in Table
2. 5 Corrparat|3'8 E?a?rple 7 A wholly aromati c pol yam de staple fiber sheet

was produced by the oﬁg&aﬂi@@eﬁk&@leﬁs in Exanple 1, except that the
staple fiber web in an, ayrpy of _85 par repared only from
the same q;jol y( et aph eny?mrz)é AP TLopht Bt % “é’g/destattﬂ%gefm igleieﬁ" Sl e 1,
wi t hout si ngPrhdueepoby (phe aﬁpdnwygbmtmcﬂmés @sy diptEomyiparee 1,t exeplptchal at e)
stapl e fibers, taaé the £poXVe r£aldy Ridyler, é’t@%ntb% Ik ap mu by 15

parts by wei ght e results of the tests are s own in® 15 Tabl e
2. Conparative %ﬂ(‘é | 828 prepatd frqgerd %I%S\Ne(ss pﬂéﬁarbéfdwl?}gmtxprfg 60
parts by wei ghheo$ahé ocopd BAfpstafenyflidin/s Arepayed phicofil ene

poly(paraphenytepeph e P! AU GR) {1081 LAValY 3885 (32.6%) by
15 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 2.

Comparative Example 3
20 A wholly aromatic polyamide stéple 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



- 20 under the trademark of Kevlar K 49, fromDu Pont) in accordance with
the nmethod di sclosed in Japanese Exam ned 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 nm with 35 parts by melght of fibrillated 25

pol y( par aphenyl ene terephthal am de) pul p fitbers having an average fiber

| engt h of ‘about 0.8 mm which were prepared by nechanically abradi ng Kevl ar
K-29 (tradenmar p e by Pont arts by wei ght of
fine fibrids g’%e .“g. ltﬂgfc'eékg% n?ﬂgﬁ%msngu 5ot ut %%%df & c-%‘ o’
poIy(netaphenyFBﬁeSP@Bpﬁ?ﬁ@lﬁh?@e9pm¢mxﬂ%ﬁ@%ﬁxﬁﬂ1nxxﬂlpﬁﬁnyiane accor dance

with the nethodedegﬁtﬁsgstép é&é@leF¥&ﬁﬁﬁsfﬁhdiidIB%fQ%l L g resul tant
staple fiber bIend . ﬁg b aro tlc am de staple flber sh et was
produced by thé Sigh 38 F oTEBRIrRS %&? e 1sgpiddaliaig) no epoxy

resin birffder wataphpl 6ykdrs Tas tmmnétfncﬁxaMpid<ast$n@lkhb0e@3kyaagghgd to

the 34 result ' ee able. 2. .35 a

W ro4leog%dé£a‘%§o&8‘?§%"% ’o’Ec%( f&q‘l\@ﬁﬁlg%msﬂy wEL I ~r- H
r-1 Hr ri riri riThe FeﬂPl$§-Dﬁe$h9rﬁﬁ%qﬁ—4i. tow (3 )Haxe wm@ynul@ N 1)
.-10CUItrIT&b34e)2a) iU1+cdHNO\ItONtOri 20 ONa0 @ 1-1 tO

r-l.Ea)caEcUD4OL %1en11C14N "l T 1 cn Nd MN N a)
o ca V-1 uring the varnls composition-impregnation

10 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

15 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

20 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
resin binder was employed in an amount of 8 parts by

25 weight.

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.

30 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

35 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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15

20

25

30

35

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 e€poxy 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
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i nvention exhibits significantly enhanced di nensional stabillities in the
Iongltudlnal and the transverse 5 directions and direction of thickness due
to changes in tenperature and humdity and a superior electric insulation
resistance, in conmparison with those of conventional wholly aromatic

pol yanm de sheets. Accordingly, the wholdy7aromatic pol yam de staple fiber
10 sheet of the present invention is useful as a substrate nmaterial for a

| am nate for electri iy ogrd nmel when the staple fijber sheet
of the present mverICarft |Clon :is (?gn?eﬂlgal\?% f%‘gl?%ﬁ?n‘é}i‘%taﬁﬁgfﬁ??hleif to the
electric circuidBedid Dedvegideedtaplehbibéecsiiéet 15f ctheuptedont d,
substantial ly ﬂ@xv@e;ftqromﬁtelx@ﬁblftgrs%ﬁﬂ?i@ant?}%ﬂ’ﬁéx‘x@é‘d &Jf“}ﬂs%ﬁgraor%(l

corrugation, occurs Eherefore t he stapl ber sheet he present
invention is SpeCrFilEarsy is&hal l‘F’B‘Hl'ét‘“l’]’r’@fhl fRUrs Erariveeseireuit
board and5f or ainrelceapmscanucdﬁmedsﬁmﬁ dpariticlieds Aene 2R an n

el ectronic par | e dI ess eramc chip carrier (LCCC or
bear chip, Ee %%srrag)& gpgg?e nper at of (i HRSF SpsHT O Soefficient is

directly pl acé&sBﬁaéhénsﬁﬁaeﬁéélmt%, thre g wifarberi ghegtossd dfhe  present

i nvent i on, thecbasuhmahamraﬂgm rman,sléﬂlm Artidd &HaR! dse over a |ong
e

period of tlrre Partll(r:lu arl¥ h]%%g aromatlc polyam staple fiber
sheet of the presoht iHAvént FBR Yo omaLif RAMYSide starde flibesr a

| ami nat elG or eFbeeti chtheupresdzmtarmwdnmn S o egwfad d<0 £x6hitkitragel | ght
wei ght, a hi ghmggegg_g@ngbgn? 15680 dd ty Ia l%cryxgg tevngéer %t lil)re %nd/ or a high

hum dity and an excellent electric 1nsu A whol e
aromati c pol yalfB8l¥y aphent thers il flb(%?nﬁheﬁtn@f tAe metsen% parts by

vei ght of a Stﬁnbenflbﬁrls5cdﬁ*é£¥€ﬂ”ﬁdﬂﬂﬂé Qaﬁh%ﬁ%eognd(%hr§hkg gQQQBX
wei ght of netag %g@grlg\/nc u%éfrratl c pol yasmu e stap Ieef bers,
95% by wei ght of _ para-type AhtiSc Ys6Cdy &% &8 stez}SFérfLFbers and 10
(B) 4 t3d330 pafischytviedapd, (ﬂub£dnnﬁﬂaily 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
20 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
25 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
30 dimensional stability at a high temperature and/or a high

humidity and an excellent electric insulation.



conprising at |east one organic resinous material, and incorporated into
the staple fiber web (A). 2. The wholly aromatic pol yam de staple fiber
sheet as clainmed in claim1, wherein the neta- and para- 15 type wholly
aromati ¢ pol yam de staple fibers (a) and'(ﬁ% have, independently from each
other, a fiber length in the range of ffom27to 12 mm 3. The wholly
aromati c polyam de staple fiber sheet as clained in claiml1, wherein the
nmet a-type whol lye 203gfromatic pol yanm de staple fibers (a) have a shrinkage
of 0.10 to 10.0% and thelfara-type whol |y aromatic polyani de staple fibers
(b) have an el ongatibnh of® ("h$3& Gremedic me lyshridek @ pded felbemgshieen , bei ng
determ ned by (¢9mpmineirsgng the staple fibers (a) or (b) in water at 25
roomtenperature for 24 W9§r57totall%w t he s&gple,fibers to absorb water
and then drying the watert Hbsdrbd® SPafeE tst BYerei@ht of epptapleodiber

t enper at uPe; (i¥9P HQRARMF itnge a wdiead- alfsor bed staple fiber (a) or (b) from
room tenperature to a tenper recof. .3 b ng ra Qf .30 10
C/minute, to dr tgF mater-abggﬁbe 'Efagﬁg %&bggggbg)Ofo%SFSTFyFﬁii)

i medi at el y codl1Hy-% 1 WEti&d PSLapmader s@pde( £)b6's(bRrnflr om 300C t o room

tenperature at a cooling ratgbgf 30 €bmosgt By (kY hEeBQabEBQ—E?Eeheating
Chr i nkage of e R apld Tsars PbAyEhifa BkaPaRoRgBBFN BRdi he staple 1 bers
(b) in acBordance the eq®iti8nto(BP padtel by, weégbecoEvel pinddr- | (% =
reprosents a sty akags oo ohof e Stagr 8o Piber e ot e barLEETEN cnger
of the staple fiBer& FA) 4s L8Fot hBewatePlenfebsrngehntArying step (i) 5
laple 11 ber s Gabeal Lot 4 BooLinaL Sootiat Sk opy Bt opr caart o 0% bngati on
oo e ggre  Bere T ER R BT ol e
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
sheetAas claimed in_dlaim 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 '
(i) 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) heating the
water-absorbed staple fiber (a) or (b) from room
temperature to a temperature of 300°C at 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 Lo 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 (1) and (II), respectively:



e . -~
_fibers (b) after the water-imersing step (i) and before 10 the first

heating step (ii), and L4 represents a length of the staple fibers (b)
after the final cooling step. 4. The wholly aronatic pol yam de staple fiber
sheet as clainmed in claim1l1l, wherein the neta-type wholly aromatic
pol yanmi de staple fibers (a) conprises 80 t¥ 15 100 nol ar% of recurring
nmet aphenyl ene i sopht hal am de units and are undrawn or drawn at a draw
ratio of 2.8 or less. 5. :éhe_%golly aromati c pol yam de staple fiber.
sheet as clainmed in @i m It reitod he para-type wholly 20 ar omat(ilc)
pol yarmi de staple fibers (b) fonprise at |east one type of staple fiber’s
sel ected from tgag group consisting of poly(paraphenyl ene terephthal am de)
staple fibers and copol y(paraphenyl @e/ 3, 4' - oxydi phenyl ene
terepht hal am de) st aplyg ti bersLs 29 180 The whol Iy aromatic pol yam de apl e
fiber sheet as clained in cltaim1, wherein the para-type whol |y r tic

pol yam de stap Lber | y(par aphenyl ene/ 3, 4. - qxydi phenyl ene

t er epht hal am dgﬁeggggpﬁeg%ﬁﬁggggg%vé n%hlégrlt&fa 1€ cHt igf)anefg}%r?d%ﬁ , hon-ion
30 absorbi ng i AéP§ani(@) cohpHeRF gs@mttisclae d enigtdd offo thkestapifaces of the
staple fibers. f{poFhe who r ti | 1. de. I i.ber 40 - i .sheet
as claimed in claim 1,(%%5%?%% %‘%%%ﬁi%ﬁﬁgelgﬁelnrﬁjg%dﬁar Ak 51(‘%&9 t{Hte

bi nder cohponeRPd( BpiesRpEhaectingt | ket ingritempodyi Jredi:nrhpveagnbseaor nore
epoxy group peteRgtacykechberenhie O fherhe #0ldoe ANGIRL G RolyaTide Stapl e
fiber sheet as _claiped in claiml, exhi bl(t.l ng a di mensional C angé of
0.3% or |ess whERPheht TEPEST RS2 ™ LSRRG 1 JF A33hef 6ta®lei nutes in

both of the | ofgbeusi na), and repragsnessa dengehi 8ASthdO0sPaplde whol Iy
aromatic pol yagiggrgt?lgge %i ber . sheet as clainmed in claiml1, having a bulk -
5°%06°0'80 3

“density of 0. Y58, Ry WalREF WRBIS TS &% fePc (391 padi Befstapl e
fiber JdHeet athelfined heatimj ratlkp havi)ng and enstéproserngtd Déngth
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) comprises 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 aromatic 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’—oxydiphenYlene
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



— , o o

‘ 15 2.0 kg/ 15 mm or nmore and an interlanminar peel strength of 15 g/15 nm or
nore. 11. The wholly aronmatic pol yam de staple fiber sheet as clainmed in
claim1l1, wherein the neta-type wholly aromatic polyam de staple fibers (a)
are bonded to the 20 para-type wholly aromatic staple fibers (b), at
portions of the staple fibers (a) and tb}%intersecting each other, at a
tenperature at which the staple fibers (a) are softened and adhere to the

staple fibers (Pl unger ., pres W¥claim 1, wherein the organic resinous

material for the binder component (B) comprises at least

e
.

one epoxy resin having one or more epoxy group per

molecule thereof.

5 : 8. The wholly aromatic polyamide staple fiber
! sheet as claimed in claim 1, exhibiting a dimensional
change of 0.3% or less when heat treated at a temperature
of 280°C for 5 minutes in both of the longitudinal and
transverse directions.
10 9. The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, having a bulk density of
0.45 to 0.80 g/cm’.
| 10. The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, having a tensiie stfength of
15 2.0 kg/15 mm or more and an interlaminar peel strength of
15 g/15 mm or more.

11. The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, wherein the meta-type wholly
aromatic polyamide stéple fibers (a) are bonded to the

20 para-type wholly aromatic staple fibers (b), at portions
of the staple fibers (a) and (b) intersecting each other,

at a temperature at which the staple fibers (a) are

"softened and adhere to the staple fibers (b) under

pressure.

v



