VHOLLY ARONATIC POLYAM DE FI BERS. A SHEET COWPRI SI NG SAME qqa§3§8L$?
AND METRIOD -OF PRCDUCING THE SHEET 5 BACKGRCUNQCpgsTugF1&,
| NVENTLON - 1. Field of the Invention

The present +nvention relates to wholly aromati c pol yam de
fibers, a sheet conprising sanme and a : met hod of producing the
sheet. More particularly, the 10 present invention relates to -
whol |y aromati c pol yam de fiberi havi ng a hi gh heat - rési st ance
and an excel | ent el ectric insulating property under high

temperature and wporrLy AROMATEtngﬂyﬁMgbﬁnyQﬁﬂSF'Rn§ﬂ ﬁ?dcémﬁﬁfgiNe SAME
COITprl Si ng t he hea resli st an an ectri Ca

whol Iy aromatic 15 ANB| METHQR OF ;BRODUQING: THB8HEBRe nenber
selected from blnder resins and heat resistant organic pol yner
fibrids, and usable as an electric insulating material, and a
met hod of producing the wholly aromatic pol yam de fi bers.

2. Descripiion of thBARSGROUNDAPF THE INVENTION It is well-known
that wholly aromatic pol yapgideq of the Invenéi? grs have excell ent heat

resi stance and nechani cal trength and thus are useful for
vari ous uses. The PresentlhnYﬁ@tégﬁerﬂh@t@Sth@ wolly aromatic

pol yam de aromatiki §6l§aﬁi§euﬁﬁﬂeﬁ§ aargﬁé@tr@bxﬂﬁﬁigiﬂg SBhErARd . af oOr
25 exanpl e, FRP Haterla 0

arts chi nes an
whi ch have to exffhPPd °5eP§°ﬁth?3tEh8|%€%§€0 More partlcufar%Yab???ty,
however, the di npmesents dhvehetianonmelates to wholly apomathmdpoiyémiaeln

e 1 ongitudi nal £REEE hE0LROCE Rlan neat regiscBife Ml ifn (ASIRSE
change to a grea?légt§h9 insphating PropertYamné%phbxehltﬁW@@I@t@#ﬁlamdease

and a decrease Ohlbhehumldlty cond1£§8§§ra&H&eaaéﬁeéEPEQﬁﬁglsfﬁg EH@ rdgpge
in the di nensi ons ﬂue to absorption and desorption” of poisture

in the fibers i sT&PEAFAPEARRS %?E?b?%llYnl%$?4%%+ng wholly azromatic

relnforcedlSeS|npamyﬁmsdé6fhﬁér§a&ﬁdpéatEea@tsbﬁélﬂemﬁer selected frémeat ed
in the interface lggtmeen the rei,n

t.he
resin, and the strarn cafigal® tﬁ%dlg ﬁaf% b?g?ﬁg 1T ! %O%Vmer “etffias,

and usable as an electric insulating material, and a

method of producing the wholly aromatic polyamide fibers.
2. Description of the Related Art

20 It is well-known that wholly aromatic polyamide
fibers have excellent heat resistance and mechanical
strength.and thus are useful for various uses.

In the case where the wholly aromatic polyamide

fibers are used as a resin-reinforcing material, for

25 example, FRP material or parts of OA machines and devices
which have to exhibit a very accurate dimensional
stability, however, the dimensions of the aromatic
polyimide fibers in the longitudinal direction thereof
and in the transverse directions at right angles from the

30 longitudinal direction change to a great extent in an
atmosphere in which an increase and a decrease of the
temperature are repeated, and the change in the
dimensions due to absorption and desorption of moisture
in the fibers is significant. Therefore, in a fiber-

35 reinforced resin composite laminate plate, a strain is
created in the interfaces between the reinforcing fibers
and the resin, and the strain causes the laminate plate |
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- 2- to exhibit a reduced durability to repeated | oad, and an

I nterfagial separation occurs. Particularly, when used as an electric
i nsul ation material while an electric current is flowed therethrough
for a long period, water 5 is accunul ated in a small anmount in the

I nterfaces between the resin and the reinforcing fi-bers, to pronote
novenment of .inpurity ions contained in the resin or fibers, or to
cause an interfacial separation due to a - 2 - tenperature-increase and

wat er - evaporation. As an 10 attenpt for solving the above-nenti oned

probl ens, for xaml e, Japane Unexam _ned Pat ent Publ.ication

No. 5-83. 006, NGO (XY 2 TiGRE qurabidicyte Tepsared 10ad., 306 ABd of
i mprovi ng i nt er fiacietf axileds ismpagfatdconeidcurs.  Pagdligartiadd yf,i vben used
resin by heat treat .J—,_?yﬁvr .t h od.i:s di.sa ous in
that the fiber- i a{H?erJ_eﬁ n orcgfsrué%tﬁoﬁa?{gﬁegﬁ%lag’héiﬁ 8& %g‘%?%%?‘gof

i npurity i DHET e 6 Hilgivasbitdhared haowabnforamd lomgs pes igds uivegsie

for el ectriscal | yid nedthatdiG b 8n al RS 10@RSAE ikARe interFakexet been
fully solved. 2 ar err’%t i c .,pol yam de fibers have a

_The ol |
very high resi s&éentc"éeetrb t&ﬁﬁ%*?d'nar‘?\é%[ H:L’ié ZPANFOEging fibersy,to,promote
protective mat ematenas: dfsdmsed tyn,idne containedaipl ehel apaiaser

Unexam ned Pat eng; Rufl | Gl 'S ayse arinebrkhedlh, NG 93380 Q. Hogever
this very high 2 cutting resistance causes such probl'emn that when
a resin cdffReRatyLaTinareasentad sated-e¥apey atienwhofisy an

aromati c pel yan gtecdndierfor SAWIRC @R ahovdlinRintidf e Ptoblems Wbl a
drill, the reinforci fibers are _not sh he reinforcing

w%&cm, Lt
fibers are divi dEtFT apangss Unexgmingd Patent, fubldcation :  and t hus
the resultant hdle. 83,096, No.OWPF-218dR25 atel Ndar 6i2c223r, 1589 discdoeeks

DEETOLT YTk o mebd Y YA e P AR o el
carbon di oxi de eelyamsigle [fhddursertamta agsiad byTheredf dcreatd®ent. aHeweweron of
the above genti onets REARIGMNIS SidaiBntageous dHMRRIR] thid ie1gdsLry-
Al so, when the fiber-reinforced COWpOSItg resin
reinforced resin material has a high content of impurity
ions and a high moisture content, and thus is unsuitable
for electrically insulating uses. These problems have
not yet been fully solved.

20 The wholly aromatic polyamide fibers have a
very high resistance to cutting and thus are used in
various protective materials as disclosed in, for
example, Japanese Unexamined Patent Publications
No. 4-14,277, No. 6-280,140. However, this very high

25 ‘cutting resistance causes such a problem in that when a
resin composite laminate plate reinforced by the wholly
aromatic polyamide fibers is subjected to a piercing work
with a drill, the reinforcing fibers are not sharply cut,
the reinforcing fibers are divided into fine fibrils or

30 not completely cut, and thus the resultant hole has a
rough inner face. Particularly, in recent piercing work,
a very small size of hole is required to be formed with a
high accuracy, and thus a new piercing method using a
carbon dioxide gas laser has been attempted. Therefore,

35 a solution of the above-mentioned problem is strongly
demanded in industry.

Also, when the fiber-reinforced composite resin



- 3- | am nate material is subjected to cutting work t he

reinforeing fibers are not sharply cut and the resultant fine fibrils
fromthe reinforcing fibers project fromthe cut face. This problem
nust -be solved. 5 SUMVARY OF THE | NVENTI ON An obj ect of
the present invention is to provide whol Iy -aromati c pol yam de fibers
havi ng a very hi-gh di mensi onal stability even when enployed in an

at nosphere in which the tenperature-é&peatedly changes and in which
10 the noisture is absorbed by or desorbed fromthe fibers, a

sheet conprising the fibers and a .nethqd, of oduci n the fibers.
Anot her obj ect ng LS ARty v Séﬁ:qescfteg{ to cu | #05kholHh? aromat i ¢
pol yam de fi ber scenimfidrcinerfiteas Hre nots shainpflgr eutg ahidahe fr@sudtant

fiber-reinforce [ d I and sub ed t
pi er ci ng, dfc%ﬁl%gb R Bﬁea?r?eq{? ﬁ%gpggtr? 9" Fem t ¢
exhi bit a hi gh rsh sfagre tThifg mrdbliesy masitodpef rs@rhwehb f| bers, and

t hus causest he | am najpnpat Q)Ft @E@(WWM‘I&Q}N snoot h and sharp cut faces,
a sheet conprising the and a nethod of, praoduci ng the sheet.

The above- nenti oned oﬁj}é&?ct?ar?fb i'ﬁtpefletﬁff'di“:by‘r’t"i‘?é‘tl°“ isnd@ Pyroxdseat i c
pol yam de fi ber syhdliey szfmmtam”rmdlyiangde f ibelrfze hlaivtieigs aa%rtyh(m@t hod of

d h t ol ly
B omt | ¢ pol yam gnfiordl sthpi LRV S VR ibloved i an psiegeliisey
by conprisi ng whgl I"Shla?lbrﬁdtei ctemperatpmeymt@d}srt shaniges agdappamirich
crystal sihges the tRUPNES fFHEHBHM ‘ﬂﬁr Q‘ﬁgldpes%fb@\‘l ‘%'rfo];nr Lk Q@.bgrs, ;

intensity 30 curve in accorclance W t h he Scherrer' guat 1 on
sati sfying the redilf¥mSAPriing E)hea bers and a method(}?)f PROEC STl
size (A in a (%» ﬂmlmngls 75nm (75 angstrons) or nore,

R L
the crystal sizeoY®)ide WBinldy ta(rtﬁ@ﬂtl@:o,podmmlde fibers which, when used
15 as reinforcing fibers for a fiber-reinforced resin
composite laminate plate,_and subjected to a piercing,
cutting or laser treatment work, can be sharply cut,
exhibit a high resistance to fibril-formation from the
fibers, and thus cause the laminate plate to exhibit
20 smooth and sharp cut faces,” a sheet comprising the
fibers, and a method of producing the sheet. _

The above-mentioned objects can be attained by the
wholly aromatic polyamide fibers, the sheet comprising
the fibers and the method of producing the sheet, of the

25 present invention.

The wholly aromatic polyamide fibers of the present
invention are characterized by comprising wholly aromatic
polyamide crystals having apparent crystal sizes
determined from a wide angle X-ray diffraction intensity

30 curve in accordance with the Scherrer's equation and
satisfying the requirements (1), (2) and (3);

(1) the crystal size (A) in a (110) plane is 7.5 nm
(75 angstroms) or more,

{2) the crystal size (B) in a (200) plane is

35 8.2 nm (82 angstroms) or more, and

(3) the product (A x B) of the crystal size (A) and

the crystal size (B) is 61.50 to 630.00, and



-4- having a thermal |inear expansion coefficient Wi thin the

range ofc from-1.0 x 10[err]/[err]Cto -7.5 x 10[err]/[err]C. I n
the wholly aromatic polyam de fibers of the present invention, when
the wholly aromatic polyamde 5 fibers in-an anmount of 2g are cut into
a short length of 1 mor less and imrersed in 50 m of a distilled
wat er, and are heat-treated in an autoclave at a tenperature of
121[err] C under a pressure of 2 kg/cnmerr}-G4 o extract inpurity I ons
fromthe fibers, and the extracted inpurity ion- 10 containing water is
subjected to a ICP anaI£/5| S and to a chr.omat ogr aphi.c analysis to
deternine the amfARGf rmal linear, SXp@nsHad copfifdrd enfawdith inodhem

pot assi um and ran &fﬂprﬂﬂﬁn ong P-4l Pl 7t ke xlprgaiced inpurity ion-
cont ai ni ng water, e extracted inpurity ions preferably 15 satisfy the
requi renents (a), (b)Iraerle( aholly aromatic pgjlyemddenddiersf ofhahext r act ed

sodiumions is EFﬁesent 10V AN wHenBhld W11y aromatlc 6&# igeamount
|

of the extracte 1%ot assjiumions is not noré than 3. ter, and 20
(c) the arount PR B A AEIEL S 29 3EEnSYts into a §6‘P ﬁénﬁﬁbnO f 5
mg/liter. 1 mm oihdeswldnd dnmerisied dol panmle ofi bediskealeal wakter,

present i nventi IS ri L P C Qnent.s \'4
wei ght of whol | ;./a[}‘aér:% e"“s‘fat%f‘%% dn%‘ a%l a?%% rlafvebé’?"‘s &ﬁﬁ‘pfrf"gufﬁcyog
vei ght of at |eastl ‘Chaindgarher pressurgeloéthedtgf/ucaﬁGt hEOQemmac’oanpmrngy of
organic resin jons tamfer&learfciﬂmt-%%al %@ntex%%%fa ARk ghl%' ds,

sai d V\hollﬁﬁaromatlc pol yam de staple f bers - - contal e speC|f|c
whol 1y ar dfati c % a&Ts 150 su J@Ftteﬁ]etﬁr s dff Fﬁ@éﬂﬁﬂénapﬁ tReaf or m

of staple fiber S:hromatographl'&%ndl(?lsb.ﬁ 30 ldeitietmi Aley &Med @mbluber o%h%?ﬂe of
t he present |nvecnt an referabl# has _a.maxi g#m chan e in th

| ongi t udi nal ~di FEAE BT W] gy « QeTely; S ass:.ungnﬁ,m
det er m ned by smcarltresthmst,h@@rf dnt@lrnmfsmmaalexﬁiactedhan@ardftyalsheet

012 he Thes " LB A ehe SI0REN sl UBt phtlaAnT ™
15 satisfy the requlrements (a), (b) and (c):
(a) the amount of the extracted sodium ions is not
more than 40 mg/liter.
{b) the amount of the extracted potassium ions is
not more than 3.0 mg/liter} and
20 (c) the amount of the extracted chlorine ions is
not more than 7.5 mg/liter.
The wholly aromatic polyamide fiber sheet of the
present invention comprises, as principal components, 60
to 96% by weight of wholly aromatic polyamide staple
25 fibers, and 4 to 40% by weight of at least one member
selected from the group consisting of organic resin
binders and heat-resistant organic polymer fibrids,
said wholly aromatic polyamide staple fibers
containing the specific wholly aromatic polyamide fibers
30 of the present invention in the form of staple fibers.
The wholly aromatic polyamide fiber sheet of the
present invention preferably has a maximum change in the
longitudinal dimension of 50 um or less per length of
20 mm, determined by such a test method for dimensional
35 change of a sheet due to moisture-absorption and
desorption of the sheet, that a sample of the sheet
having a length of 20 mm and a width of 5 mm is left



- 5- standing in the anbi ent atnosphere at roomtenperature at

a relatrfve humdity of 85% RH or nore for 120 hours or nore to all ow
the sheet to fully absorb noisture; the noi st ur e- absor bed sheet
sanpke is subjected to heating to 5 a tenperature of 280[err]C at a
heating rate of 10[err] C/ m nute, - then to cooling to roomtenperature
at a cooling rate of 10[err]C mnute to dry the sheet sanple, the
above-nenti oned heati ng and cool i ng procedures being repeated three
times in total under the same conditions as nentioned above; 10

and a nmaxi num change I.n the | ongitudi nal di nension of the sheet

sanpl e gener at edSHEPALETt R FRPATRIPREATIISREIRKE at Ioop| FRPHFIirIras
i s measured per 30rm1natmvéhbum1d1tyl@ﬂgﬂ!!o%ldlkmaérdh@msf@fl 120 houd® odhe

met hod of the prasept (pn e} [ oduc olly aro

pol yanm de fi ber %ggt éo%?gén ﬁ%‘gt 1%838 ts €%J£Yf?5%5%%| %Iﬁ' {T&%

pol yami de fi ber smeisthzeppbsenbed sheet nsamplenis nsmhnyecﬁmdntxb eapieg to
fiber, conpyisesy temper9E§P§r6P92€@°@q§€0§5h%erS % 408708 g9y nute,

di spersi ng aromatic e fi ont ai ni ng_ t he above-
ment i oned speci f FRERNEP 9°%}b%t’f—% JE)%‘PI?aWIEEeJFﬁlW% 3 a COOleb #%‘??n‘bﬁ

staple fibers andoheamlhEGeSt@narprg@éﬂ§heet saxﬁpié/ﬁﬂihélilséxﬂé-méhﬁbned
aqueous nedi um

bj ect t i b
paper - f or ni ng pr%ggégﬁgl 8a'd c°°%|+’§/$ n%r‘%’g&?%%%lk?%ﬂg vﬂ‘e‘?‘%%‘i) ‘#l ﬁ/lkeee SHERgs
heat - pressi ng 25in tohaldunder stiketsame acomdpeiansiras aferRdioned 44wy | C

oreT 2 0o t A8 SPRERDHER Oladgl 18 90 KMEIMudhRP SR SRS kne |

or nelt or soften an resi sta
in the dried sheéPeaﬁdSME%%b?e%r%‘ééu%rlng thf@ h’ée9¢4)1?¢<81§1Q®t brdied to

each other and teobh&ngOproc8d@h®s i £s PR YR &EE SERAM @ rluh DX Sthe _
The whol |y aromatic gguén&ge fiber,sheet of the present invention

can be used to pr888 AHEGABLPR- - npregnating the whol |y aromatic
pol yam de fiber sheetThe methodhofi therppss¢dt nbnvestion dFor produciig a

pre-preg i USdegBBlP? ?PSﬁaéléhﬁﬁgyﬂ?ﬂcgé °t fher slfe?tpaé z%li 4%@1

perforated shaped art partrcularty a

per f or at ed |an1n§p@c$fagewholly aromatic polyamlde fibers of the present
invention in the form of staple fiber, comprises;
preparing an aqueous staple fiber slurry by dispersing
aromatic polyamide staple fibers containing the above-

20 mentioned specific wholly aromatic polyamide fibers in
the form of staple fibers and heat resistant organic
polymer fibrids in an aqueous medium; subjecting the
aqueous staple fiber slurry to a paper-forming procedure;
drying the resultant wet paper-like sheet; heat-pressing

25 the dried sheet at a temperature of 210 to 400°C under a
linear pressure of 150 to 250 kg/cm, to partially soften,
or melt or soften and melt the heat-resistant organic
polymer fibrids in the dried sheet and thereby to causing
the fibrids to be bonded to each other and to the

30 aromatic polyamide staple fibers.

The wholly aromatic polyamide fiber sheet of the
present invention can be used to produce a pre-preg by
impregnating the wholly aromatic polyamide fiber sheet
with a thermosetting resin.

35 The pre-preg is used to produce a shaped article,
particularly a perforated shaped article, and a laminate
plate, particularly a perforated laminate plate.



The perforated shaped article or lam nate plate can be produced by a

| aser perforation nethod. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The inventors of the present invention have made an
5 -extensive study for attaining the above-nenti oned objects and
found that when a fiber-reinforced resin article is subjected to a

| aser perforation work, there is a difference in deconposition

t enperature between the rei nforcing-fiébers and the resin and thus, to
forma 10 satisfactory hole, a portion of the reinforcing fibers

must be nmelted to forma snooth cylindrical inn surface of the

wal | )
hole. Also, it was det¥t HFEPH Shgped artf’-&ﬁr‘?af’lroﬁaﬁ‘f’-nlaﬁ@ Péseh CARner
wal | surface is lgoyerottbdd by a laddrapge fotadionbyefthedarti ons of crystal

portions and 15 f i he appar ent
crystal si ze a@%%# Eg?&%%%ﬁ%@%s%glﬁgggﬁlg&g}?parent

crystal size are not ﬂ%tmar:amermoera o dhsopireisendr iawenideon have wmhdehenhol e
cannot be Bornecbxﬂ:éﬁélhﬁ‘é ,sﬁ&dy%zf %Le&%fn%tg the ab%%n @n%% kbgd qaegef

p-type aromatic %Iyam e fibérs can be east| tene
mel ted and have 2P%hifgpnd thatulwclier‘f’atae féi%géc’tellé‘ﬁoéﬂc@dc5ﬁt5&i“né6tllﬁlf3hés

rei nf orci ng subjdied dda nesdd @iétrflwambaﬁs workJoehkrienier awal |
surface. The preqseﬂgtﬁ | nventlon has bee &28'] ete s of the

above- nent i oned € jd4i decompo Wﬁgé%ﬁd%?ﬁa@‘ﬁﬁegg €of the
finished surfacerelnfordmgnafciﬁe,rsaand tutueg,reslmvamg ahudr,i ko ;ﬁelrﬁloaati ng

wor k 0dr € qowef ttc&efg HH1RAL £ otfh‘i’:h%p&%ﬁ%@%rﬁﬁ}ﬂﬁt %:Lbers

si ze of the reinforcin rs as ne |one abo

rei nforcing fibdtést rhﬁ qeted to Form Gn smestiorylindgicalsdanerawadat of

p-type pol yan desdrifaies dJBWHY dblk.ghalso, 1lt| Waféﬁti@t%h:ﬁﬁﬁéhl @Rhatakfet hus a
hi gh def or mabi | i are c%g bl.e of g _ea soft ened ap;:lts’
n

mel'ted. and i he t9ndion st ol Srci unngs wRIL0sfER 5ok 38 SEURR0E
S f or med a ntaxrge fextdarnt dynfporoped triesisn ofasey stafle poaitioas3and

shaped argiscl e ar (ﬂg%rs a&k%HBfQ{ c>yt%eh%§%e9%$%i'n%he aggrggg%eggﬁgtgahe

p-type poI yam de } ened "and al’l
during the heat %ﬁ;ﬁxﬁanthus, when the proportions and the apparent

crystal size are not appropriate the smooth inner surface
of the hole cannot be formed. Further, it was found that
when a small amount of p-type aromatic polyamide fibers

20 which can be easily softened and melted and have a high
ultimate elongation are contained in the reinforcing
fibers, the resultant hole has a smooth inner wall
surface. The present invention has been completed on the
basis of the above-mentioned findings.

25 The smoothness and sharpness of the finished surface
formed by a cutting, shaving or drill-perforating work
are governed to a great extent by the apparent crystal
size of the reinforcing fibers as mentioned above. When
the reinforcing fibers include, as a portion thereof, a

30 small amount of p-type polyamide fibers having a high
ultimate elongation, and thus a high deformability, and
are capable of being easily softened and melted, and the
p-type pglyamide fiber-containing resin composition is
formed into a fiber-reinforced resin-based material, a

35 shaped article or a laminate plate by a heat-pressing -

procedure, the p-type polyamide fibers are deformed,

softened and partially melted during the heat-pressing



-7- procedure, to pronote the intertw nenent and adhesion

with other reinforcing fibers and to increase the adhesi on areas .
bet ween the reinforcing fibers. Therefore, the reinforcing fibers in
the shaped article 5 or lam nate plate are fixed with each other, and
when t he shaped article or lamnate plate*is subjected to a

cutting, shaving or drill-perforating work, the fixed rei nforcing
fibers can be sharply cut by a cutter or - 7 -drill w thout escaping from
the cutter or drill, and thus 10 the cut face of the shaped article or

| am nate plate is very snooth and shar The whol |y

arp. .
aromatic pol yam BEOFEEBFE, oFOt REOPPER chRe intertwinepenh atAdRRsieh ystal s
of the wholly arafrghi 6ther repefyssige hitvér§ smwecid i tnewpwsentheryst al

sizes 15 deternmined from i de angle X-ra iffractign intensity
curve thereof inaacgg%aﬁngﬁeafr%e %%grgpesr Léh?%&ﬂg éfber%hnely, t he
whol |y aromati c Bbeyafbde, cthstoe¢inforcimgsfibers imatlhiefshaped raguickhaents
(1), (2) amgl (3), i : i S )od (dP) | s
T8 i 20" (75°kngaRinate BLACS ARE FINSh A fh Hagotl, HE A he
in a (200) pl aneShaped artgcbhener (bamingke rpkabe ofs npilejeqtry to a

(3) the product cAtxiBy,oshéhengryst@riBl et fdrating worlm eyl ¢ieedr yst al
size (B) innmig 61.50 to egoboo. 25 Aiso tqg&s ecific wholly
aromati c pol yan GERFBEFSNT T10€18, 430 be SHAFPIY ekt ﬁgﬁgq?ﬁﬁfxﬁﬁficient
within the drahgewdthbébnbresd@ping Of com | thercitren o7 . d&ridl, and thus
10[err] /[ ]1C, f b r = r1L[ - . "
10[err]/[:{dr] S Brgs ‘g?gb#é{cetﬁg thé Qﬁ%‘?%/&s)taé’fé%gée ‘%f/x)f‘?{‘ﬁ]ir&ée@(pl%o?e?’r%ne
is 8.5 nmor nDr@?rXOSmoogérén%r%$%¥ﬁbly by 10.0 nmor nore, still nore

preferably 10. 5STRE YholPy CardMat DI pHI PARI AP Fiddrd 40 BRAfe breBedthe
crystal size (B).in the ézoo% Flane s 8.4 nq%frlgor%i nor e,
preferably 8.5 niP8PRROPR, COEPT S4B ST YT EFT apF ythe wholly) arpmatige,
further preferabpplgahitie R&vingnsperiif 86 appitenpratystal Asdzdd) of the
crystal S| ¢ (A)déEeQHRQQQ %Pgm a widgrggéfé fl%§§(§?f££h£¥ﬁé fgtégéié§
630. 00, nore
curve thereof in accordance with Scherrer's equation.
Namely, the wholly aromatic polyamide crystal sizes must
satisfy the requirements (1), (2) and (3):
(1) the crystal size (A) in a (110) plane is 7.5 nm
20 (75 angstroms) or more,
(2) the crystal size (B) in a (200) plane is
8.2 nm (82 angstroms) or more, and ‘
(3) the product (A x B) of the crystal size (A) in
nm and the crystal size (B) in nm is 61.50 to 630.00.
25 Also, the specific wholly aromatic .polyamide fibers
have a thermal linear expansion coefficient within the

range of from -10 x 10°%/°C to -7.5 x 10°%/°C, preferably

from ~10 x 107%/°C to -6.5 x 10°°/°C. Preferably, the
crystal size (A) in the (110) plane is 8.5 nm or more,

30 more preferably by 10.0 nm or more, still more preferably
10.5 nm or more, further preferably 11.0 to 27.0 nm; the
crystal size (B) in the (200) plane is 8.4 nm or more,
more preferably 8.5 nm or more, still more preferably
9.0 nm or more, further preferably 9.5 to 20.0 nm; and

35 the product (A x B) of the crystal size (&) in nm and the

crystal size (B) in nm is 71.40 to 630.00, more



-8- . preferably 85.00 to 630.00, still nore preferably 94.50

to 575. 00. When the crystal size (A in the (110) plane is |ess
than 7.5 nm the crystal size (B) in the (200) plane is 5 | ess than 8.2
nm and/or the product A x Bis less than 61. 50, the apparent crystal
sizes of the aromatic pol yam de fibers in the (110) and (200) planes
are too smal |, and when an aromatic pol yam de fi ber-reinforced

shaped article or conposite |am nate plate i&% subjected 10 to a
drill-perforation vvork or a shaving work, the aromati c pol yam de

fibers located at t e ces shaved faces exhihit a high
resistance to fiBrF+e kﬁ% 5.4¢ 9—|oqcl)éqre0r°' et a]eé‘%ﬂliearﬁreaﬁ'% I Y413fani de
fibers exhibit to 5750@0] ow a rigidity and thus are easily deforned, and
when 15 the cutter I cones. | nhact h t.he
fibers, the fibers cavrq\t? e%ésﬁ‘fi L'gt"’l’lorsrfLezaea can asﬂl&lot) plang &8 d95%m
the cutter or dri‘—lllim ellg% nINan@l%/ cuyrtal size gl tiantther okl )c pleinenisde
fibers exhighit a v rq ssabll 20

r?ds 3 B LHérel n*T i")%durpc " %oé'rss eiﬁr%rifhfnsrrall

To enhance the processa ity :
amount of para-tgpe5@y othed Ia(pparent m)}maldesjfzd:sa@f wihechamﬁm'dm: easily

softened or def Oégﬁg amide er ?’{lgealtreq,_t{ t elr0 t'éa{h t(% )Sl rfa%rm r}%?arorratlc

pol yam de rs un samne erature an essur
condi tions, for W&hbt eandpEren jan pﬁltcyf.t?é‘-la? ariyamide fibsstarefinferdaser s

having an ul ti rraéﬁa;eé@n&a@i@lb br Pbérfosite 1%&1:@@&@&@ &bt L

r ei nforci flbers ype-aromati ¢ pgl yam
fi ber-con'z1 i ni ngt? et ‘?’f)’rifrﬁ)grforatlfc?'b %r;l%lr‘?er Fs af"o‘r“ﬂa‘”fﬂréﬂuc?tr}j)n of a
fiber-reinforcedaBfimatic gsoXydnishsl fideard dlodaterl raSithe @O IR danesaire
pl at e, t he ‘; o y.a q::‘lberstare e:astl. . .

sia &9 érg?xhlﬁjqz rﬂ q registance l)grlltl@té'lﬂﬁance

el ongat ed, softened de or or par §¢ P
the intertw neneH@W%tWadHee;lmsmlftétrﬁe aromatlrcemﬁlmaanmly fﬁi&ans azdliﬂ:rit

i ncrease the adhgsh ofol£ar Afidhry addadi iy Céd&. fa?%rfgzrﬂe rw%'ent he

reinforcin fibers are fixed to each other
escape frdm the ERRtEIRT RY Iqr@tﬂgédgﬁ]éﬁé‘ﬁﬁ e‘m’t‘hesonta‘:t Wlth the

fibers, the fibers can be easily deformed and can easily
escape from the cutter or drill edge. Namely, the
resultant aromatic polyamide fibers exhibit a decreased
cutting or shaving processability.

20 To enhance the processability of the reinforcing
fibers, when a small amount of para-type aromatic
polyamide fibers which can be easily softened or deformed
or melted rather than the reinforcing aromatic polyamide
fibers under the same temperature and pressure

25 conditions, for example, specific p-type aromatic
polyamide fibers having an ultimate elongation of 8% or
more, are contained in the reinforcing fibers, and the p-
type aromatic polyamide fiber-containing reinforcing
fibers are used for a production of a fiber-reinforced

30 resin-based material or a resin composite laminate plate,
the p;type aromatic polyamide fibers are easily
elongated, softened, deformed, or partially melted so as
to enhance the intertwinement and adhesion of the
reinforcing fibers and to increase the adhesion area of

35 the reinforcing fibers. Therefore, the reinforcing
fibers are fixed to each other and are difficult to
escape from the .cutter or drill edge. Therefore, the



resultant fiber-reinforced resin conposite | am nate plate exhi bits an

enhanced cutting, perforating and shavi ng processabilities. However,
when the p-type aromatic pol yam de fibers do not satisfy the
requirenents (1), (2) 5 and/or  (3) of the present invention, the
enhancenent in the cutting, perforating and shaving processabilities
S unsati sfactory. For exanple, the inventors of the
present invention have disclosed reinf®reing fibers containing a
smal | 10 amount of p-type aronatic polyam de fibers. However, the

di scl d t t Lbers did_not satisfy the , qulrerrents
(1) (2) and {5 TBPOCREnfr CLBRE TRVARTTORS Tesid fehaomine LONAELS rokhshed
fromthe whol |y exbahits an enhantgdncutetindpersenfotdieipy esedt shawemg i on

ihCh can be 19 proB@Skhighoaat ediodel ol MG e LGyl SriRlaldvely

| ow terrpergrure e disc
pol yani de fi ber sPateanhdat fspers odg m@tb$@hu%ﬁYIth9 E@mﬂlremeneﬂheblon(mﬂth

ot her FelnﬁPrC|nﬁnﬁybﬁr§3AA$§0théh§resent ShPh 05866, Pelly/ REnRERP B Bt in
pol yam de fi bers Fxhl bi softenin def orm ng and. nelting

tenperature than® ﬁoggt&ng' B?rg%a?p%‘%ﬂ‘?‘?: Y’r%/gaﬁ%?r%ﬁf‘r%aw%ﬁ'a’rﬁsdels

fibers of the unsapneﬁeotoryventlon Al so, when the product (A

X B) is nore than 630, e ant whol |y, aromatic

fibers are 25 advan ageousple’ Pﬁh% %‘L resu ta%ntél%? Riciahen J‘boﬂ/a‘?ﬁtd]eon
fibers exhibit ahBvghdisgldseg emun@mhan@edfnhexsrgpmmannlng a ssmad g
processabljotlesambﬁﬂevgf ?lgyﬁeté¥6héﬁlé'§5i amlde fiﬁb{% (h6HE$§¥K“Ehén

that the cut fac i bers are_easi divid

| ongi t udi nal axe 18? BB‘tYP?lﬁkﬂ@?%&Ri?%Wﬁ??|4ﬁ4|%9%ﬂ%?¢%ﬁé&the
Therefore, even mqurementé hel ppec? f I@ncp ¢3/peoﬁrmtp1€e§mwamx&ﬁlﬁid}er S

are m xed - a i forC|n i s, the
resultant fi ber-%gfln gg@%{% ?glgerg‘hljﬁé%lf)lJl1 ekfee‘? Iﬁaﬁ'}é réﬁb]giy aromatde ot
prevent the projpelvanide fibersy QﬁvtmhmpfeignG 1nvéﬁtiontWhithcanﬁbe

fibrils frlentheeﬁ&ilQre§8ﬁé‘§E’eéaC§éf$ﬂﬁ‘é(?°$nd meltedk thUS fﬁ%i\{)é 1y low
degraded cutting, shaving a drill: perforating processabilities.
emperature Therefore, the dlsclose p-type aromatic

polyamide fibers are unsatisfactory in blendability and
adhesion with other reinforcing fibers. 'Also, the
disclosed p-type aromatic polyamide fibers exhibit higher
20 softening, deforming and melting_temperature than those -
of the specific wholly aromatic polyamide fibers of the

present invention.
Also, when the product (A x B) is more than 630.00,

the resultant wholly aromatic polyamide fibers are

25 advantageous in that the resultant aromatic polyamide
fibers exhibit a high rigidity and enhanced cutting and
shaving processabilities. However, this type of fibers
is disadvantageous in that the cut faces of the fibers
are easily divided along the longitudinal axes of the

30 fibers and fine fibrils are formed. Therefore, even when
the specific p-type aromatic polyamide fibers are mixed
in a small amount in the reinforcing fibers, the
resultant fiber-reinforced resin composite laminate plate
cannot prevent the projection of finely divided fibers in

35 the form of fibrils from the cut or shaved faces thereof,
and thus exhibits degraded cutting, shaving and drill-
perforating processabilities.



- 10 - Al so, when the fiber-reinforced resin conposite

| aminate plate is subjected to a perforation work by | aser, for
exanpl e, carbon di oxi de gas |aser, and when t he apparent crysta!
sizes in the (110) and (200) pIanes 5 of the aromatic polyam de fibers
are too snall, portions of the resin walls surrounding the holes are
car boni zed and colored in black color, and the electrical insulation
properties of the lam nate plate are degradéfl, -and t hus the

| aser-perforated | am nate plate cannot be used as an 10 el ectric

insul ating naterial. I s, conf,irmed that when the

I,n case,
specific whol 1 P unafien ptcﬂ%/d{ﬁ rdzfed[ R Sie Sofposite
i nvention, whi chlmmmlplgamfmarmrbjetefeﬂ red aorpe"mﬂdxextlon workalbgz
contained in a sid@__t ranggpt ﬂa?nﬁlhae r&{f’goq{ %’flrbgu]dﬁa esrsr ?e sepem fi | C
fibers are nelte ? of energ
f orm smoot h wal |the aPP#’%ﬁ:fé's QﬁY%tkﬁﬁ- r‘f‘dl'z@§ igndhend 1til°dclarkdol((2tﬂa)t)l @ria@fest he

wal | 5f ace%pftﬁ&%ﬁ&k&mepdquéﬂ%é%wyszaéfé)ftdzi s&d&qlr LYttions 1S
restricted. V\hen# e}h%p arent rystal S|zes are toqg 20 l'arde, thé smooth

and sharp faces ¥ (3 rounding, the hodess gmes Sasbord@echus
the resul tant i rewet coloreci;unnc &xdexclofcdlor helms thee eil@d!j'h'lcal J.nsulatlﬂfhe

[ f th de f | Of t he
nvent o s ext e geestieg BEPH e, madih e BGradinet B thll oo
reinforced by the l&ﬁ?rsmﬁﬁqna@dodmmmm ywei@tee clanimerts bien usleidc last laa

crystal sijges ofeidiee OB d L1 RANPHAR GlMStal s are controlled to
t he ranges as nentioned above, exhibits a ver ood

| aser-perforation, cut® ity SafPsSravithds3gontizmede i Mheneghe specific
The specific mhoWﬂq&Iyc&ﬁﬁmatnuﬂgﬁﬂ?aﬁidé Faberef dfhehe §res@hQSent

I nvention have f Cryst. ( Ln t | ane t an that
of the conventi ona‘?érgéraloon%{t X ¥ anf)%ydgo%%g&eg g% QF%]\‘% Rav &€
enhanced degree &fe mntamUal £ mtaldn amosind dec thes ee indoredngof
anor phous 15 PO ON £ Y eé‘ﬁé’&ff&‘ih%%%“s' e Wealtew #0MELHG11

pol yam de fibers of t he present invention
amount of energy within a short time to form smooth wall

faces of the holes, and the black-coloration of the wall
faces of the hole due to the carbonization of the resin
is restricted. When the apparent crystal sizes are too
20 large, the smooth and sharp faces are not formed on the
hole inner surfaces, and thus the resultant inner
surfaces of the holes are rough.
The inventors of the present invention have
confirmed, as a result of the inventor's extensive study,
25 that the resin composite laminate plates reinforced by
the specific aromatic polyamide fibers in which the
crystal sizes of the aromatic polyamide crystals are
controlled to the ranges as mentioned above, exhibits a
very good laser-perforation, cutting and shaving
30 processabilities..
The specific wholly aromatic polyamide fibers of the
present invention have a larger crystal size (A) in the
(110) plane than that of the conventional aromatic
polyamide fibers, and thus have an enhanced degree of
35 crystallization and a decreased content of amorphous
portion. Therefore, the specific wholly aromatic
polyamide fibers of the present invantion are

-



characteristic in decreased di nensional changes both in the fi ber

axis difection and the transverse direction at right angles to the
fiber axis direction, in the at nospher-e i n which a high tenperature
and a low 5 tenperature are repeatedly generated or in the atnosphere
In which a noisture absorption and a noi sture desorption of the

fi bers repeatedly occur. The specific wholly aronmatic pol yam de
fi bers of the present invention have %13T|ghtly broader range of the
10 thermal |inear expansion coefficient than that of the

conventional ar il 1 dg of iy ?%&%as@ﬁ“@!ﬁ%ns@@ﬁgl chan? ebgﬂﬁCEB|C

whol |y aronatlc-polyan1 ers o resent invention whic
easily softened, Iﬂéﬁﬁﬁﬁﬁdaéﬂs dlrec#éppeénéttaer§F3P5V6F§elé%ﬁ?@#ﬁ@ﬂaﬁure

are mxed in a ¥ight siaiajllesarf@u&hel If:.‘bb% aeief a&@benghbe&ﬁ, thBe
intertwi nenent of the relnforC|n | ed. Al so,

tro
when the speci f iR 150 M lgh %FpﬁgFaﬁBﬁFaFHB h@anorC|ng
fibers areSenpl deapenature areombpnatedﬂngeheaatanpbmpinatherasmbsphbee
thernal !lnear ﬁglvﬂuﬁﬁpépﬁbﬁgtﬁggf F%b%gkigk %gﬁ Qeﬁgbééﬂke Fesor tion
fiber-reinforce resin co al ong ac Blane of
t he mat er iofl ﬁhﬁjﬁybaf%ymﬁpsﬁgﬁd§Yt@CFn§ surface plane can be

unlimtedly decrease@&k@@@k@léﬁbowhAQQQrQk@ﬁbﬁictB@lyamldesﬁgﬁéibcoﬁhghéy
aromati c pol yam de fi bers of resent i nvenfion are a roprlate as

rei nforcing fi beRESHt gRyention §rPaF§lﬂﬁt&N Pﬁgﬁdﬁ£v§aagﬁ|8ﬁl§ e
accur at e donensitheaimal llne$kabmbah$16ndc@éﬁfﬂ&&éuh thenathatabf and for

mmchi nes and_ degonvenBRal e otefe, FBhGa33 SIRELE, QhghabEE, Cundh
conposi te natermmesanﬁﬂmﬂecfwmoﬂﬂa ampmaaﬁp whilyamide fibewsenfl tf2ed under

condi tions havi 'i:&e%énacr 4R VRTIBNAWHIRh are eBkii§r 8BEEendHE am@bmﬁ@d gpder
high load in an atnD which a high"tenperatufe and a | ow

tenperature are®elt ‘fﬁﬁbébﬁ@ﬁP¢186&W|é&WtGewﬁérﬁ§P§F|§F§ m?ﬁ@ﬁe#Bré 35
general | y1st he rsapaat @@ho@zhnngeas the trermeb&tung amaera the humdity cause

changes in dlnen5|on of. t he ri and I_mensi opal changes
RS- InterfaCI qﬁ&ngggn % t%e reinforcing ?1bers can g )
12 - betvw&ntndﬁied53|ml@nd whenr ¢hef specnditi bepmatiThpslyamide

fiber-containing reinforcing fibers are employed in
combination with an appropriate resin, the thermal linear
20 expansion coefficient of the resultant fiber-reinforced
resin composite material along the surface plane of the
material and at right angles to the surface plane can be
unlimitedly decreased toward zero. Accordingly, the
specific wholly aromatic polyamide fibers of the present
25 invention are appropriate as reinforcing fibers for FRP
materials which must have a highly accurate dimensional
stability and are useful for aircraft and for resin
composite laminate plate materials usable for parts of 0OA
machines and devices. Particularly, the fiber-reinforced
30 resin composite materials usable for the aircraft which
are employed under conditions having a large temperature
difference, are employed under high load in an atmosphere
in which a high temperature and a low temperature are
repeatealy applied to the materials. Therefore,
35 generally, the repeated changes in temperature and in
humidity cause changes in dimension of the material, and
the dimensional changes cause a interfacial separation



probl em can be sol ved by using the specific wholly aromati c pol yam de

fi bers of the present invention, and the resultant fiber-reinforced
resin materials can 5 exhi bit an enchased durability in practice.

The specific wholly aromati c pol yam de fibers of the pr esent

I nvention satisfying the crystal size requirenents (1), (2) and (3)
surprisingly exhibit a | ow equi librium noi sture content of 3.2% or

| ess, 10 particularly 2. 7% or less, nofeldarticularly 2.0%or |ess

at a specific crystal size. This equilibriun1nnisture content of 3.2%

or less is defi | 1.8 different, fro of, the conventional typica
aromatic polyan&’evF¥ dieFesin an E%GSF Fe49forcible L iPREFef oFBiSwhen t he
conposite 15 pnnhham‘cqm aEespéwnﬂobgedsﬁmgthhesppebﬁficfwheasyof t he

t i t | {1 |
Bonvent i onal pr GEoIRt R PoAvatcR! Fibers 67 ¢hd' bilcens inVBRENRR bl " &
the interfaces Béﬁ%é@ﬁUﬂﬁ@nﬁeénber—relnéndceﬁereennfma&engaﬂsbeas and the

inpurity igns 2QxhiE@Ntaa @%@hh@eﬁhﬁuéﬁﬁﬁqﬁk§t§ﬂ g@%@Elggve through the
interfaces while an electric current .is a mat eri al over

a long period, can b&“§b§@@€l§&€nWWRlﬂﬁearOmatlEaEQlMﬁ@Féetﬁéb8§§uﬁﬁlﬁhéd
wat er contai ns Ppreategd dmPention sat(ifsﬂylmgl RRer b&:ysltamSmAbSO anot her
problemthat th . i_nt erf,aci al, ,gsepar,at,i,Qn _occur.s

heat - vaporlzatlgh remedts ﬁ%% (23 %8 é SnggﬁFéBg?Y exhibit a,lgy,
t he convent|onaﬁqmm&ﬁhﬂh@mpmbyémude tiob&est of 3. 2%hoselbas»ng an

equ'|lbr'@ﬁ‘”U'%kH&ﬁd%QQ&QQtzoﬁ%aGQUHess mo% §59£1Eﬁ§§ri 2K69W8y P
type of the aromatic 30 pol yam de a out surface layers
t her eof h&@F ﬁg%@ﬁ&ﬁfﬁéaprgﬁF&#zééz?o aTéﬂéa?qékﬁéhFluanmoﬂﬁﬁgre

havi ng a decrea&@mtﬁﬁmf@Ee3eh&0b&lQe@esustaaEinaédytHuiferent G@BﬁOEhQE
used as an electr q¥4nsulat|
e

aromatic pol yami gvegt%&pgﬁnﬁygécal §ﬁ8m§ﬁé9|ﬁ8iﬁé gﬁsgébﬁFFhOf
i ncrease in noi sthaug dodtdewir more. ofthelrefbirber shelhehef oomposheewhol |y

aromati c P@lyaghgﬁdnate pllaler $e3hebBReRr BFeRhe! BERE QR @§¥Egg of the

above-nenti one . ) ) T .
| ow equi | i bri umBRSISENE An¥GRtARN aFeusgrt 8Bl anf elegseirninsulatghgt h havi ng

~a high resistanefitedi2agt thedcehvertibRg10broblem $Ha¥i RIshh®l S%8URLEo£i N
protectlve SUIt%gter is accumulated in the interfaces between the resin
and the reinforcing fibers, and the impurity ions
20 contained in the accumulated water move through the
interfaces while an electric current is applied to the
material over a long period, can be solved even in the
case where the accumulated water contains a large amount
of the impurity ions. Also, another problem that the
25 interfacial separation occurs due to heat-vaporization of
the water, can be prevented.
Among the conventional aromatic polyamide fibers,
those having an equilibrium moisture content of about
1.5% or less are known. This type of the aromatic
30 polyamide fibers have a outermost surface layers thereof
having been heat-oxidized to é great extent, and thus
having a decreased surface electric resistance, and thus
cannot be used as an electric insulating material. The
resistance of the aromatic polyamide fibers to cutting
35 and shaving decreases with increase in moisture content
of the fibers. Therefore, the wholly aromatic polyamide
fibers of the present invention having above-mentioned



Al so, paper sheet materials for electric insulating 5 materi al s,

particufarly printed circuit boards, nust be excellent in heat

resi stance, thermal dinensional stability, resistance to noisture
absor ption, wet di mensional stability, electric insulating property,
i ght weight, and resistance to deformation during 10 formation into a

| am nate material (for exanple, resi stances to warping, distortion
and corrugation). For these requirerenss, the aromatic polyam de
staple fiber sheets of the present invention significantly contribute
to enhancing the above nentioned properties in conparison 15 with the

conventional ar okRW i @Ipb} ik W neifiurg jgantent aresisadtabdied forrtharsehdat
resi stant orgamelcpah Wi@rflr&ﬁ apliigh resifdthficess@eheatNat/ e ARy it

pol yam de st apl e sheets of, the resent i nvention exhibit an
excel | ent l%\%‘é’f“%rbfc%%se&ﬁ“m]tey A tiye svitérat i on and 20
shaving works in a veilssgpdpert zhesdt Gdaﬁm\ieﬂbﬁ%r electﬁqraﬁlld%ﬁﬁ(ith@rgbed
i npossi bl e gnwhen vent eet is.u 0 be realize
The aromat ic pollg%%lgl&fsle‘beé%ﬁlscé{%a%%f # &dreuit %ngr e S

i nvention may bee¥robirid in dmatn maImQS the el ly ahiimes siesial seI ect ed
f rom honopol yan @leatt@yi{sg, resisddld rﬂ&%di@tfu%eo btsbﬁ'JtQ.rJHJl Felt! ) and

copol ymers havin t. .80 nol ar% preferab Ieast 90 nol ar %
of recurr |‘%’d“?ﬁﬁ3t%n%]f st"n%“f]dr“ﬁhl glgotric 1n5“1atlr!gor9’ﬁﬂpcﬁr(tb’)r 30

-NH Ar[err] - NHCO #gliterwdidl®, and resistance td ldeformation dulriinighe fornul a
(1), Ar[engl- andedy chln AR 140 f%:'ed materr}algqg%endem lpé_ from each

ot her represent a arona ic gro &8rected from
t hose of the res;sﬁangeg;tqyyarplng, distortion and corrugation). For-

14 - [err] these requirements, the aromatic polyamide staple fiber
sheets of the present invention significantly contribute
to enhancing the above mentioned properties in comparison

15 with the conventional aromatic polyamide staple fiber
sheets and other heat resistant organic polymer staple
fiber sheets. Also, the aromatic polyamide staple fiber
sheets of the present invention exhibit an excellent
laser processability and cause the perforation and

20 shaving works in a very small size which have been
considered to be impossible when the conventional fiber
sheet is used, to be realized.

The aromatic polyamide fibers usable for the sheet
of the present invention may be produced from an aromatic

25 polyamide resin selected from homopolyamide having
recurring units of the formula (I) and copolymers having
at least 80 molar%, preferably at least 90 molar%, of
recurring units of the formula (I).

Formula (I)

30 . —NH-Ar,—NHCO-Ar,—CO— (I)

In the formula (I), Ar, and Ar, respectively and
independently from each other represent a divalent
aromatic group, preferably selected from those of the
formulae: | '

35



[err] 10 The above-indicated aromati c groups nmay be

substituted by 1 to 4 substituents selected from for exanpl e,

hal ogen atons, |ower al kyl groups preferably 15 having 1 to 4 carbon
atons and a phenyl group. In the production of the aromatic

pol yam de fi bers of the present invention having the specific crystal
si ze properties (1), (2) and (3), the aromatic pol yam de resin
having the recurring units of the fornula"(}f Ts formed 20 . into fibers
and the fibers are passed through a high t enper at ure at nosphere or
are brought into contact with a hi gh tenperature heater to inpart a

thermal history ereto. Alter nvely, other_aronmatic pol yam de
fibers pr od -: conv,ent bely rocess are 25
passed t hrough or sto n a high't ature tnosphere, or are

brought in6o contact with a high t enper at ur ter to inpart a
thermal history to the fibers in an after treatnent step.

The principle process/f,ef\produci ng ¢ above- 30 Bt i oned aronatic

pol yam de fibers and '- op &Y t7E andhe 1P e disclosed in,
for exanple, UK Patent No. 1\501, 948, US Pate 3,733,964, No.
3, 767, 75610 and No. 3,869, 429, and Japanese UneXxaf ned Pat ent
Publ i cati ons No. 49-100, 322, No. 47-10,863, 35 No. 58-144,152, and No.
4-65,513. In the pat®m sabwwd-indicpitlld eabim@rsc Brbupe AagMBEI ¢ pol yani de
fibers are L,SGl . heat-resistant. . fibers. Ln thes -type
aromati c pol yani eb%%}?cge,&% ﬁolt r og}ltb%f"é"ugfl' hée&ecg‘egr EEEQ'AEFESH] and
Ar[err] are p-oréxampe atmimden gitomss. léer aRiyili gubapbyprefierpbiype
aromati c pel yamuls, fiPar S A€ carb £

15 - pol y (ﬁip enylenec?g}gb thﬁgnfﬁg)asPESFZ?fFESP ) _
(avai |l abl e under the ¥ ddénimedyctiopL PR, theorrpmapéat polyamidgngibeps| y

E p- phfn%: I eneéI 3,0t ﬁm?'quw qmentl;(tonf ha&é%@lat habaabdexlgiba%kglsthme%ze
avai | abl e under e tr.ade rk .o made N) . e
latter aronaiic:péoPerﬁﬁf o“ﬁiﬂid§q§F€8Ié35V 5%? ﬁﬁ?@aglFo§Plﬁﬁﬂﬁa%yrFﬁﬁn
content, thus exXwing the ecceldrdmy ehdtsr o€ itheulfermota (I) is formed

20 into fibers and the fibers are passed through a high

temperature atmosphere or are brought into contact with a
high temperature heater to impart a tpermal history
thereto. Alternatively, other aromatic polyamide fibers
produced by a conventional fiber-producing process are

25 passed through or stored in a high temperature
atmosphere, or are brought into contact with'a high
temperature heater to impart a thermal history to the
fibers in an after treatment step.

. The principle process for producing the above-

30 mentioned aromatic polyamide fibers and the properties of
the fibers are disclosed in, for example, UK Patent
No. 1,501,948, US Patents No. 3,733,964, No. 3,767,756,
and No. 3,869,429, and Japanese Unexamined Patent
Publications No. 49-100,322, No. 47-10,863,

35 Nq. 58-144,152, &dnd No. 4-65,513. 1In the patents and
publications, p-type aromatic polyamide fibers are
disclosed as heat-resistant fibers. 1In these p-type
aromatic polyamide fibers, 50 molar% or more of the
groups Ar, and Ar, are p-oriented aromatic groups.

40 Particularly, the p-type aromatic polyamide fibers are



property and are preferably enployed in practice. The copoly
(p- phenyl ene/ 3, 4' - oxydi phenyl ene 10 t erepht hal am de) fibers having

cati on- exchangi ng and non- i on-absorbing solid inorgani c conmpound
particles fixed to t he peripheral surfaces of the fibers, exhibit a
hi gh m xed varni sh-penetration property and an enhanced

adhesion to the m xed varni sh through the inorganic 15 conpound
particles. Thus in the production of electigc- i nsulating nateria
and lam nates for electric circuit boards, the copol yam de fibers
contribute to decreasing the deformation of the electric I nsul ati ng

mat erial or P°¥¥uiRﬁRﬁﬁqﬂl?QﬁrﬁﬁHQPHﬁﬁﬂiﬁmm@@)t@t@@ﬂ&néubgrshe electrlc
20 i nsul at i ng( DFOPEB e aﬂthéﬂﬁ&w&rﬁﬁen@ﬂfﬂw RILERL AR-bt Bu Pont I)|
angi ng,

the material or rd at. a hi Thé catl on- exc

non-i on- absorblﬁﬁufno %ﬁ\ﬁpiﬂ% géﬁﬁﬁ%ﬁdé Ry ideheRyLeRSsi ¢ conpounds,

ff)r exanpl e, | terezrhhmanwdam apdgn €diber sk qaiviad.l adteduglay, taet kvade
clay, 25 ta t osnose) ., .

which are capablque‘—:u't(;lée exzﬂhan gl ng cé&%n;%g’ané‘liwflwbso %‘ ga%t r aﬁSﬁl)é‘téﬁs
When t hese |nor@%ﬁQ:X%%%BU@&?R%Q&ﬂmbﬁaﬁ|h@VEh@ low impuatieyofioa solid on
the peripheral sragns, ehddiexdibitd WCkkeclientdagshye pr 9RELILES Al the

fi ber surfaces are Cﬂanced The sqlid particles.o he 1 norganic

conpounds A Eh13PhAFe Rrsderedly smpdoyedapsuprecticee 5.00 pm
To fix the solid |nom@&nm@pumﬁunymin@w&ubﬁbas Mo-b&gdlpheny&éhér sur f aces,

under prealir o GRSl WY Raying R0 SanLach i Cheand Pregsec
softened, to entieh-absorhimg solliid pacirigends icotpotine partaceepotﬁxeastaf

the the peripheral surfaces of the ¥ sof
fibers. The gbeC|f|cuaronat|€ po fanﬁégrf beXhlb%t % B?

present inventi CHARR iR HFb-Baetmat iony prapesityeand an pahaneed can be

pr oduceddby appladh’e;mrsejoem&ﬁﬁ&e&varntll’sﬁaftﬁEBhgﬁh'tﬁE hﬁoEthEéUght or
suggest e

flber-proéUC|ng pr&%e %pn g%hehegg %V?ﬁégfﬁ Ss%g8hggtign oﬁeﬁig%?gééggnt,
as an after- tre*gquﬁatqng mm@e&u@érgpdoﬂamlnatebyfprodmecﬁglthelaCGmat|c
pol yanm de from gd0¥dWitHellc®polyamide fibers contribute to decreasing
the deformation of the electric insulating material or
the electric circuit board and to enhancing the electric
20 insulating property and the thermal dimensional stability
of the material or board at a high humidity.

The cation-exchanging, non-ion-absorbing inorganic
compounds include inorganic compounds, for example,
silica, alumina-magnesia, kaolin, acid clay, active clay,

25 talc, bentonite and hydrated aluminum silicate (osmose)
which are capable of exchanging cations and of absorbing
non-ions.

when these inorganic compounds are fixed in the
state of a solid on the peripheral surfaces of the

30 fibers, the adhesive properties of the fiber surfaces are
enhanced. The solid particles of the inorganic compounds
preferably have a particle size of about 0.01 to 5.00 um.
To fix the solid inorganic compound pafticles to the
fiber surfaces, for example, the particles are brought

35 into contact with and pressed under pressure on the
surfaces of the fibers which have been softened, to embed
the solid particles into the surface portions of the



10 absorbing material partially substituted with substituents, for

exanpl e; hal ogen at ons. When the aromatic pol yam de fibers of .

t he present i nvention are enployed for an electric insulting
material, the inpurity ions such as extracted sodi um 15 i ons, extracted
pot assi umions and extracted chlorine - ions, contained in the inside
of the fibers may cause a probl em of a_decreased insul ation.
Therefore, during the fiber-produciﬁglﬁrﬁcedures or during the
fiber-after treatment procedures, the fibers are fully washed to such
20 an extent thatepigfefgbly. the follow ng requirenments (1), (2)
and (3) are satisfied, nore preferably the foll ow ng requirenments

(4), (5) and (6) are Lheispeeific aromatic pquy)anE»éer fdtbarss &fi dhe on
cont ent [err] 40pr@éént einvention havind 3c)he Bgdaiatied R8isAsSl Wibdeon content

3. /it I d t [err] 7.5
EHICEC I st v e el GG
(5) Extracted pbrasshemt iwrniconisentof etraqglﬁ: bnrgs’dgqessrted by (6)

Extracted chl orrglgw,%xgt r\-& %ter{x]eaﬁ:n?e 'ﬂotei{ e fibers duri eqsﬂ:lht Nt

requirenments (1) are not e
aromatic pol yani ¥tﬁ%@ﬁ?ﬁﬁﬂg proceduyias + Qﬁ]hﬂkﬂﬂghﬁkngrﬂQP(ﬁ&ﬂﬁﬂﬂ C

i nsul ating prOpeﬁéélt treatx@ércttrw afﬁyamrlﬁém@& J Yo AMLIBYIIL or
i nsul ting mtype ar onmtic pal yan de stapl e

fibers usable 35by P’F%‘?u‘ﬂfég pt'r}&é"rﬁor‘?%tﬂ ey dd B fpleW medsEure-
conpri si nd Gat Ieabsorbmngmm&uﬁrfamtpﬂnﬂiérkyndﬂbﬁﬁﬂﬁmﬁaa%wlth

-17 - an C r' ' 185 rr| unlts of the
formula (1) mher%?ggﬁﬁﬁ%ggiﬁ;) §g$ %;éﬁi FErr lé err] are

met a-type dival ent arﬂhﬁn|¢h%ﬂaﬁﬂmﬁtﬂame%Mﬁﬂﬂd§ ﬁmbGKWeof the pmesgps
aromatic pol yam gesentiéh déf@r&@%yéa Fdrd an 21ectGAPARHU LAYIPr | ses at

| east one nenber selected from . terephilalic acid and j sophthalic

acid and the di dhherial, th?xﬁﬂﬁﬂﬁ%ﬁyrﬁﬂﬂﬁ iSNCh fs |edachHed
sel ected fuSom mions, extphestddnestiasinm ibnd atidBxopkend ehlRring 4' -

di am nodi phenyl nfcggean or?trhdlr@ﬁ yllneq:eilde aimxsr}%e D@pit%%l fibers may cause a
problem of a decreased insulation. Therefore, during the
fiber-producing procedures or during the fiber-after
treatment procedures, the fibers are fully washed to such

20 an extent that preferably the following requirements (1),
(2) and (3) are satisfied, more preferably the following
requirements (4), (5) and (6) are satisfied.

(1) Extracted sodium ion content £ 40 mg/liter

(2) Extracted potassium ion content £ 3.0 mg/liter
25 (3) Extracted chloride ion content £ 7.5 mg/liter
| (4) Extracted sodium ion content £ 35 mg/liter

(5) Extracted potassium ion content £ 2.5 mg/liter

(6) Extracted chloride ion content £ 6.5 mg/liter

When the requirements (1), (2) and/or (3) are not

30 satisfied, the resultant aromatic polyamide fibers may
exhibit an unsatisfactory electric insulating property
and thus may not be usable for an electric insulting
material. '

The m-type aromatic polyamide staple fibers usable

35 for the present invention include staple fibers
comprising at least one member selected from homopolymers



10 —type—aronmatie—pol yam des include poly-m
phe | sopht hal am.de, pol y-m xyl yl enet er epht hal am de and
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fiber-reinforced resin materials to exhibit a reduced electric
insulating property, particularly at a high 20 hum dity. Therefore,
when the fiber- r@%fwm@@ reomprisingrdihe irgcury ingedifids fsdaheat eri al s
of electric  formbI®u{®f iwbr@terd@lto lod Goll Rt A Teheal ALS £
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have a nore sevemetypatalvmdtoiy gdilaramides, tHehaiicfrBdisldd Weddaromatic
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for the = SRR Iflo%,s haeatv?llr?gasgtn Ui ee%ls(ﬁ}geé:ﬁe@ﬁ%rdzpnb% or
nmore and capabl etefephilaliciefordriangd icrophithalriod wesdl mnd t3@ diamine
control ling the &oRSondROdMUGHA LSO T one member ggéyiéﬁﬁ¥ﬂﬁﬁ3 In
BN TR CES

t he production procedure of Ccopo| enyl ene - oxydi phenflr\_ene
t er epht hal ani de)Phenyleneqigpine, thd 'hrdhininqrieny ledhatol 1%d to a | ow

|l evel to dparinedd i gHerEBidtidnd haard oGPy 1thedf i @livid.al lygAldaan m-or
35 t he 1t6eat h{stg% Is restricted.. By, tgj;asqe contrals, the

resul tant p-t ype BRontt TR et PR YRR a5 AP 9 P Tt i nventi on
can exhi bit uni pkeny bgeeiseashideflianidd y poly-m-xylyleneterephthalamide

-18 - di figr f Hl.g | 2 -

phenyl ene/ 3, 4' - oxydiﬁ%%yﬁeéﬁﬁp%ﬁw& anﬁg)@géﬁ?:?,hl%%%ey(ﬁgﬁe/lof a
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| ow t enper.at ure, ..., al though the chemcal structure of the p-type
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surfaces of the fiber-reinforced resin materials to exhibit a reduced

electric insulating property, particularly at a high
20 humidity. Therefore, when the fiber-reinforced resin
material is used for base materials of electric

| insulating materials or for laminate materials for

i - electric circuit boards, the m-type aromatic polyamide

! fibers should be fully washed to reduce the impurity ion

E 25 content or should have a more severe heat history than
that of the p-type aromatic polyamide fibers.

The p-type aromatic polyamide fibers usable for the
present invention, having an ultimate elongation of 8% or
more and capable of easily deforming, can be produced by

30 controlling the fiber production conditions.

For example, in the production procedure of
copoly(p-phenylene/3,4'-oxydiphenylene terephthalamide)
fibers, the draw ratio is controlled to a low level to

prevent or restrict the promotion of crystallization, or
35 the heat history is restricted. By these controls, the

resultant p-type aromatic polyamide fibers of the present

invention can exhibit unique properties definitely
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fibers, the—tresultant inorganic conpound particles exhi bit an
enhanced m xed varni sh- penetratlon property, and the fibers can be
firmy adher Edceaar ni sh 15 t hrough the fixed inorganic

conmpeund partgrﬁﬁr Thus, in the production of the electric
I nsul ati ng

| aminate material s for_electric circuit
boards, the deformatlon 0 he target materials amHAgeSH d , and
the electric insulating property and theroajg 20 di nﬁgEﬁtT Héig r’db lity of
the target material can be enhanced. : ——fHir -type
aromati c pol yam de fibers of the present invention, having the high
el ongating prop ¢Hififerent fremhithioser efutbe copuentjoned copbagi pand
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bar 1 cular by Pt et er Bl o 8TRE BeaT PR’ FRBRBERERG R oper v
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t hernosetting 3 resin selecte exanple, e oxi/ resins, pﬁenol
f or mal dehyde redifiiE 9foltfier SORNRBLiOBRAS PakyPRepERMALIC Polyanidenal dehyde

resins. Anong trﬁmhenseSIam thhe ea@éy when the cation-exchanging and
which have at |east one functional qxy, dreup per

nol ecul e H")lereofn (ri)L erllre CEPEMS 6P8rgﬁn€v§t EPMRQYBAL1R; ﬁﬁxg
conpatibility V\nstttatm@fmaxeol\ldr pnsb whecbersphapatgsar€dces of thet he

resin during the;pQduct %nrgguitaﬁﬁ R5898a§1c comﬁouIQePéﬁgr Lgggusable for

the present invention an ferl al
i nclude all theexhibity |aﬁee&ﬁén§ﬁér m#eéewgrahlhf-panesrhmpngpanperty.
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boards, the deformation of the target materials can be

reduced, and the electric insulating property and thermal
20 dimensional stability of the target material can be
enhanced.

Further, the p-type aromatic polyamide fibers of the
present invention, having the high elongating property,
exhibit reduced impurity ion content and moisture content

25 in comparison with those of the m-type aromatic polyamide
fibers. Therefore, the p-type aromatic polyamide fibers
of the present invention are useful as a material for
base materials of electric insulating materials and
laminate materials for electric circuit boards which need

30 a high electric insulating property, particularly a high
reliability in the electric insulating property at a high
humidity.

The organic resinous binder usable for the present
invention preferably comprises at least one thermosetting

35 resin selected from, for example, epoxy fesins, phenol-

' formaldehyde resins, polyurethane resins and melamine-
formaldehyde resins. Ameng these fesins, the epoxy



di scl osed in Japanese Exami ned Patent Publications 15 No. 35-11,851 and

No. 37-5,732, by mxing a solution of an organi c pol yner mnth a
precipitating agent for the organi c polynmer while applying a shearing
force to the m xture system and another fibrids produced, in
accordance wth the nmethod as disclosed in Japanese 20 Exam ned Pat ent
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organic polymer while applying a shearing force to the
mixture system, and another fibrids produced, in
accordance with the method as disclosed in Japanese
20 Examined Patent Publication No. 59-603, by randomly
fibrillating a shaped article produced from a polymer
solution exhibiting an optical anisotropy and having a
high molecular orientation, with a mechanical shearing
fofce, for example, a beating force. Among these
25 fibrids, the former fibrids are preferably employed for
- the present invention. .

The organic polymers usable for the binding fibrids
are not limited the specific type of polymers as long as
the polymers have a fiber or film-forming property and

30 exhibit a thermal decomposition-starting temperature of
300°C or more.

For example, the polymers for the binder fibrids may
be selected from wholly aromatic polyesters having a
liquid crystalline propefty when melted, and aromatic

35 polymers having at least one heterocyclic structure.
Among these polymers, copoly(p-phenylene/3,4'-
oxydiphenylene terephthalamide (available under the



15 30% by wei ght, based on the total weight of the sheet. When t he
content~of the binder fibrids is controlled to a relatively | ow

| evel , for exanple, the fibrids produced by the fibrid-producing

met hod di scl osed i n Japanese Exam ned Patent Publications No.
35-11,851 and 20 - No. 37-5,732, are advantageously enployed. Also, where
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relatively low level, for example, the fibrids produced
by the fibrid-producing method disclosed in Japanese
Examined Patent Publications No. 35-11,851 and

20 No. 37-5,732, are advantageously employed. Also, where
the content of the binder fibrids is adjusted to a
relatively high level, the fibrids produced by the method
disclosed in, for example, Japanese Patent Publication
No. 59-603 are advantageously employed. The fibrids

25  produced in accordance with the methods of the above-
mentioned Japanese publications may be employed together.

ﬁhen the content of the binder fibrids is less than

4% by weight, ‘the resultant aromatic polyamide fiber
sheet produced by a wet paper-forming method may not

30 exhibit a tensile strength sufficient to forming the
fiber sheet. Also, when the content of the binder
fibrids is more than 40% by weight, the resultant
aromatic polyamide fiber sheet may exhibit too high a
bulk density and may hinder the penetration of a mixed

35 varnish into the sheet. The organic polymer fibrids
include fibrids which shrink when moisture is removed

therefrom, and other fibrids which elongate when moisture

-~



Thus, even in the atnosphere in which a high tenperature - _ and a | ow
tenperature are repeatedly generated, the aromati c polyam de fibers
of the present invention exhibit a small dinensional change both in
the fiber axis 20 direction and the transverse direction at right angles
to the fiber axis direction.~ Al so, the dinensional change of
the aromati c polyam de fibers of the present invention due to the
repeat ed noi st ure-absorption and desorptien2in- the fiber axis and
transverse directions is very small. 25 Al so, the aromatic
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chl orine ion contiBkt, Fver5 1rf’g:;/‘ﬂec @rtmOFPhereV\H@nWﬁlh@hcrayéltléﬂh Serpereaprand

(B) are optini zethdnd 1de temperdtilier axieeelepaiat ddilyl yawashedd,t kel npurity -

i h r m i r sh n r d
![ gn contents aromatltc epoa.l.yoarll;laitdec fp%e%‘aé O(%e ttl'xeb%resse%%t 1%%enl‘)c?.oglec case

exhibit a small dimensional change both in the fiber axis
20 direction and the transverse direction at right angles to
the fiber axis direction. Also, the dimensional change
of the aromatic polyamide fibers of the present invention
due to the repeated moisture-absorption and desorption in
the fiber axis and transverse directions is very small.
25 Also, the aromatic polyamide fibers of the present
invention satisfying the crystal size requirements (1),
(2) and (3) exhibit a specifically low thermal linear
expansion coefficient within the range of minus values,

namely from -1.0 x 10°%/°C to -7.5 x 107%/°C, and thus are

30 appropriate as reinforcing fibers for resins havihg a
positive thermal linear expansion coefficient and enable
the thermal linear expansion coefficient of the fiber
reinforced resin material to unlimitedly approach zero.

The aromatic ‘polyamide fibers of the present

35 invention satisfying the crystal size requirements (1),
(2) and (3) exhibit a low equilibrium moisture content of
3.2% or less, particularly, when the crystal sizes (A)



the levels of: 60 ng/liter or |ess of the extracted sodi um i on

contenty 20 ng/liter or less of the extracted 20 pot assi um i on content
and 80 m/liter or less of the " extracted chlorine ion content.
Further, when the p-type aromatic pol yam de fibers of the present

I nvention having a high ultimte el ongati on and capabl e of being
easily deforned are used 25 under optinugLconditions, the extracted

i mpurity ion contents can be decreasefl“to the levels of: 50 ng/liter
or less of the extracted sodiumion content, 17 ng/liter or | ess of

the extracted poiRgS{sin 40 wHHBN sl fic radyes M/7d IR 1Q¥sd ey the
extracted chlorine j

on 30 ontent.. Also, the aromatic polyam de fiber
sheet of the Party QAR LY nfre(ﬂii iYn IeRSn a}rﬁf/vtﬁﬁssﬁfree 18h and thus
even when an el edistinguished firompgie erbriverntiorsticatroratic polydniigie

hum dity, no mvg:g@%%%hf&? dé%&ra{]%lﬁ/e'r%fe Qachcliarﬂ.tilibriumf mtqﬁ‘es\éyﬁ% the

aromati ¢ pol yam ers are cut, occurrence of T
fibril-formati orceRtene @fit4 fFccmmpre. Tharefigreat insf asedrya gogung ias

greatly influencegcdyrid®s betwedPPRHE MeLiny Hid ﬁé%-g@oz@l%g( Bl ofatlile

aromatic . . . - 2

pol yani de fi ber sPONGFRIYE fARGFS IRE dpaRufsetydinyention. gjzes (A) and (B)
are too snmall, while The {idwdtic polyarfidtarefibey athddie fotimddd@on Lhe
restricted, the t . fihens hibi,t, a decreased rigi.dity and can
be easily 5 %12 'C)ért.t'rr{\;éd1 pOl%aeI?le‘{éo?%be %r? fg R &5 efng:r &S q;d‘;%’l i ed

with a cutili ng eemsibit i reven pdren amergangis nemineas [binder hasgdaogpe from

the cutting edgeyephd; | : f jer.
decreases. Al so, ?/\henl‘%%e)ﬁcéi% g’?@dfﬁ_y slioznes?Q;(A attnészlg)ﬁ;%gfétééo ar ge,
the cutting prope¥tyagteq gsodiymignGantant é’rfox Mg /dditpanioge Lgsser S0

i ncreases. exbreyesd pdieaddhed Saxlidiitdent 1050 WEethg/aSitEraRie lleds
of 'the 1 bers. ot AL T GraRTTha oI o onkane. o oMb ot
faces of tibe fi Déren Ulte cryftalefuiass t(de) famskr(S)hare aptddiced sha ithe
property and fib®er &L | 1% PAPPSS t¥ashed, the 'ﬂgd}ﬂf Y Wtents |
pol yam de fibers of the present I nventi on, tlh apparent crystal sizes
(A) and (B) are of the aromatic polyamide fiber sheet can be decreased to
the levels of: 60 mg/liter or less of the extracted
sodium ion content, 20 mg/liter or less of the extracted
20 potassium ion content and 80 ml/liter or less of the
extracted chlorine ion content.

Further, when the p-type aromatic polyamide fibers
of the present invention having a high ultimate
elongation and capable of being easily deformed are used

25 under optimum conditions, the extracted impurity ion
contents can be decreased to the levels of: 50 mg/liter
or less of the extracted sodium ion content, 17 mg/liter
or less of the extracted potassium ion content and
0.5 mg/liter or less of the extracted chlorine ion

30 content. Also, the aromatic polyamide fiber sheet of the
present invention has a low moisture absorption and thus
even when an electric current is applied to the sheet at
a high humidity, no movement of the impurity ions occurs.

When the aromatic polyamide fibers are cut, the

35 occurrence of the fibril-formation at the cut face and
the unsatisfactory cutting is greatly influenced by the
apparent crystal sizes'(A) and (B) of the aromatic



controlled to appropri ate ranges. Therefore, when a 20 resin conposite

| am nate plate reinforced by the aromatic pol yam de fibers of the
present invention is subjected to a drill perforation work, the
reinforcing fibers can be snoothly cut without fibril-formation on
the cut faces and wi thout occurrence of unsatisfactory cutting. 25
Therefore, the inside wall faces of the resultant hol es are snooth
and not rough. Al so, the carbon di oxi de gas23 - | aser-perforation work
can be advantageously applied to the resinous materials reinforced by
the aromatic pol yam de fi bers of the present invention to obtain 30
smooth hol es.  Polyamide ffidles=g Namely, whemdhe apparentyeryissalni |l be

further illustradisedy(n) and t(B fald *dEmNANPAAS.1e the fibrilln the
exanpl es and conpar at ive eﬁarg}ll es, follow ng tests were ap%I I ed

t 35 .
to the resul tant” Prsduds @ Eut Bk LRy p&SETE CERar Shegresulta
Crystal size (A)fibenas (eO)bid aneleammbamedstrdlgidity and can be easily

- 24 - g sd e“?dbl N @ d2r P! AN Of téﬁlecta)}?%m%tor%ep&lsy%.%ﬂ%ed

fibers were determn y preparing ‘a w raction
intensity curve Y¥th e qitdeing adesn to the §é~|@@rr§t:| ﬁ@eGénbgranCwstemeth on

combi ned with Caé‘éh’apé frondltSHé’ 'cﬁiﬂﬂl@ﬂg %fm;\w ahd RS ke duldliaghi on
intensity curve fglﬁﬂf accordanc wth the met’hod of

Hi ndel eh et al . R’%’W’ﬁl r%eq%@n - PotlfQer when thejgrysgal
(1978); and fromizes of# xiansd (Bl fans d:tdm large (tmlecuhm;tﬂmg prepepRgr ot
crystal shges (Ananebded ekl sc dohlfhand €200, BLANER ks accordance

with the Sherrer guation asgrént crystal
size = Klerr]/( [HQW%V%S t[I@r rfibers exhihjfteceinedrcegpresdstanaecdnst ant

nuneral of 0.94,¢{gdr dlndufgerzﬁe% TR Wael! %Qlt*lo%fs mgﬂﬁs tpk 0. 154 nm

15 (1.54 angstrom; [err resents the hal'f value w
radian units of % Al (?ﬁ‘ &5 the Edheqisar @9k thws form th*réleequat i on:
flbrlls projecting from the cut faces of the fibers.
15 Therefore, the fibers have a reduced shaving property and

perforating property.

In the aromatic polyamide fibers of the present
invention, the apparent crystal sizes (A) and (B) are
controlled to appropriate ranges. Therefore, when a

20 resin composite laminate plate reinforced by the aromatic
polyamide fibers of the present invention is subjected to
a drill perforation work, the reinforcing fibers can be
smoothly cut without fibril-formation on the cut faces
and without occurrence of unsatisfactory cutting.

25 Therefore, the inside wall faces of the resultant holes
are smooth and not rough. Also, the carbon dioxide gas
laser-perforation work can be advantageously applied to
the resinous materials reinforced by the aromatic
polyamide fibers of the present invention to obtain

30 smooth holes.

EXAMPLES

The present invention will be further illustrated by
the following examples. '

In the examples and comparative examples, the

35 following tests were applied to the resultant products.

(1) Apparent crystal size

Crystal size (A) in a (110) plane and crystal



[err] wherein [err][err] represents as neasured val ue 20 and BE
represents a constant for the neasurenent apparatus used, and [err]
represents a bragg angl e. (2) Thermal |inear expansion
coefficient The fibers having an initial fiber length of
200 mm between a pair of fiber-holding clips were 25 repeat edl y heated
and cool ed between room tenperature and 250[err]C at a heating and
cooling rate of 10[err] C m nute, by -usgng a thermal analysis
apparatus (TMA, thernoflex type, made by RI GAKU DENKI K. K.) and the
thermal |inear | expansi on coefficient of the fibers was cal cul ated
from 30 di merfsiZhalBlcHanhged 200 )t ird amieh s tie aroawpdcabedyaside00
to 200[err]C.  fibers were3)detdRVGindd ¥ PHlphring a wide anglelREraRecific
gravity of the fci‘bfe s was determ ned by a_density gradient tubé
method in n- 359t ﬁ:@pﬁw PRATERSHSr GREVRaRE & fibRESi atie® of 25[err]C.
(4) EquiIibriLnnsap&naﬂingxmﬂnyﬁiin distribution combined witP Cﬁncg o
- 25 - . . -The i 1i.bri i.sture contents of .the.fibers
and the fiBer shdelesttrv\%ebruetlc?rel\ esﬁl%wﬁle t?llrtf'll’largccr%?(;—rr ngé‘f\(/%virtaﬁ%lon INFPESELY013, by
the foll owi ng me¥WoWs . from each other, in Accegdiancler withnyhet meshodnoént of
1(;' _be{js_ 5th rTbI-;inc%ele_h ett aﬁr.oﬁﬁxt.'l\ﬁﬂf@rﬁ/{@@l% fa![ntae'bs. }b@rgoﬁ?l%glzg\io@&%]eé,
ried in e ambj en ir nosphere at a_tenpergture. o ] eir]C,
left to stand at'® t%ﬁp‘ér%ﬁ)ﬁead‘@r FPm the QDtained halg widsh. hun d ty
(RH) of 65% for calcdwdiatsiny the sippasrent crysteldisiizes t(la9 bnderns,) dndtheen

subj ected h0 a rer:[ﬁ?t f .stur t_of . the fibers. ,The
noi sture égntent 0 (té?(eb)f ipt}%rnse%zl i%r?g:loc(aat%é%%bylﬁgr (J:Cglﬁt §§8r(%r 8f the
wei ght of water emratliaredhiovn elewi.st-ur e- condi ti oned fi bers based on

the absolute dry wei ght t.h i her.s._. _ Wien the fibers
subj ected to the noi g{b raeef’g: %ijco%tler?tlztees—t K@‘ér‘gl SPéd%f a mxture of two

or more  dijier¥enl { MY HentisDY TonshantPintiidrd1C02! Ny () of
the individual types of fibers were separately determ ned, and a
wei ght aver age rasiprefentcom aavedfendid of x-rays of 0.154 nm

15 (1.54 angstroms), B represents the half value width in

radian units of the reflection profile, calculated from
the equation: |

B8? = B2 - B2
wherein B, represents as measured value

20 and Bg represents a constant for the measurement
apparatus used, and 0 represents a bragg angle.

(2) Thermal linear expansion coefficient
The fibers having an initial fiber length of
200 mm between a pair of fiber-holding clips were
25 repeatedly.heated and cooled between room temperature and
250°C at a heating and cooling rate of 10°C/minute, by
using a thermal analysis apparatus (TMA, thermoflex type,
made by RIGAKU DENKI K.K.) and the thermal linear
expansion coefficient of the fibers was calculated from
30 dimensional changes of the fibers at a temperature of 100
to 200°C.
(3) Specific gravity
The specific gravity of the fibers was
determined by a density gradient tube method in n-
35 heptane/tetrachloromethane at a temperature of 25°C.
(4) Equilibrium moisture content



m xed fibers was cal culated fromthe nmoisture contents of 20 t he

I ndi vi dual types of fibers and the wei ght proportions of the

i ndi vi dual types of fibers based on the total wei ght of the m xed
fibers, and indicated in % (B) Equilibriumnoisture
content of fiber sheet 25 . A fi ber
sheet produced by a paper-formng nmet hod was absolutely dried at a
tenperature of 120[err]C and moi st ure2®ordi ti oned at a tenperature of
20[err]C at a relative humdity (RH) of 65%for 72 hours. Then, the

noi st ure-condi ti oned fi ber ﬁheg% m@s sy ﬁeﬁéfgtﬁﬁ%a?$ﬁkﬁng% %f'@%% Eﬁgtent
n e

nmeasurenment, and the noi st iré ¢
i ndi cat ed by per east e Gw@eafshhet Were detghninéd wan eacomrdancedvith t he

moi st ur e- condltlg@gdL 1013 fbpeEhéhfgilg@§ g ggsabsolute dry weight of
35

the fi ber sheet . ectrlc resistivity of
fibers VVthAPefEﬁﬁhébbfbu$h@Okﬁ?$%%eC%¢%ﬁ%?|Qﬁ fibers
resistivitystest nethod :n aCCOAﬂﬁﬁﬁElMﬂ 61§@gﬁ@€5§1berscrere abs?lut el
- 26 - I r an JIS) C 64 ectrodes were orqﬁgf
by using a S|Ive?gg§§tegoﬁ§é i é?“én i AER? OW%r%fat a tempeIALy

| ongi tudi nal diré&éP’’ém deftheof sband ahdaahemperatmieowf|2ﬂ?@ﬁ3$taV|ty
between the el e%é@@l@ivwaﬁumﬁa%{,e@nm of 6§@ef§yrif%@é§%6'r&o{seé1§é'V' ty

of the fiber was presented by the measured electric resistivity
bet ween  hEOBAALLPBIERS fibers) and then putliertad $@sA MYFVIFGRRAT

was noi st ure- of memaduteoaedtahtaofeﬂmrﬁibléﬁs of ﬁ@é&ﬁéi&.@&e ol ait ve
t he surface

10 hum dity (R f 40% f or hour

resistivity neasu?%ﬁgﬁt%ﬁBSrEaV?Feﬁngh?ag oY perc?%ﬁﬁﬁﬁeﬁ%ﬁe?éﬁégﬁﬂerr]C
at a relative huwedghy ORHyvabér46émtained in the o Yebwr-scarid exiormeed ed

I mpurity ions | S t Ql | | 0 of
15 distilled &é?gfs basﬁga?ﬁtggétgﬁgéﬁug% dﬁ? %%ﬁé§2§¥ e ' 00!
tenperature of 121[err]C under Bhpretberbilerp xepiefied |©® figre moistume

hours. Thes armuabﬁt@ﬁtt BésEX&6ﬁ§i§€iedi NOf Va ikt A YPESE two oPimdrBurity
lons in the dlstlll er_were ern1ned by an I-CP anal ysis and an
i on- chronatograpﬂﬁg SHEP %gpes o 1bers, the moisture contents (%) of
the individual types of fibers were separately
determined, and a weight average moisture content of the
mixed fibers was calculated from the moisture contents of
20 the individual types of fibers and the weight proportions
of the individual types of fibers based on the total
weight of the mixed fibers, and indicated in %.
(B) Equilibrium moisture content of fiber
sheet
25 A fiber sheet produced by a paper-forming
method was absolutely dried at a temperature of 120°C and
moisture-conditioned at a temperature of 20°C at a
relative humidity (RH) of 65% for 72 hours. Then, the
moisture-conditioned fiber sheet was subjected to a
30 moisture content measurement, and the moisture content of
the fiber sheet was indicated by percentage (%) of the
weight of water contained in the moisture-conditioned
fiber sheet based on the absolute dry weight of the fiber
sheet. _
35 (5) Surface electric resistivity of fibers
With reference to the surface electric
resistivity test method 'in accordance with Japanese



20 The anounts of the individual types of inpurity ions were

indicated in ng per liter of the extracting distilled wat er .

(7) Bulk density of fiber sheet The bul k density of each
staple fiber sheet was 25 determ ned in accordance w th Japanese

| ndust ri al . Standard (JIS) C 2111, Section 6.1. (8) Tensile
strength of fiber sheet (A) Tensile strength and ultimte
el ongati on of fibers 3®¢ - The tensile
strength and ultimte el ongation of fibers were tested in accordance
W th JIS L 1013, Section 7 by using a constant stretching rate

type tensile t esff@dustrial Standard ({Bf) TEnE#BG, seleayrades weberfehmed 35

The tensile stre@gtbs@hgaafsbﬁveﬁhﬁsgtéﬂén a fibbfSkeehi PnoesPiianse W th

JI'S C 2111, SectiQn onst ant stretchln rate t
tensil e tester 2% 1n tHe Tgngltudlnaf directlon of th g Biber, ng an

(9) Interl am nar ejeeltirig sesenginiey bebeeesheke electrodes was médshbhéed.
determ natien of e a sfre er sheet,
a sanpl of9the F%Q shBESEL g%@@%rhc res?gg#bEQYhBE Eg%ofggegﬁﬁég width of
15 nmwas 5 pé@presenaed by the meaauéeda§becp@1@|nﬁsxabx@@tyabeaween

peeling angl e oft;QOGQQggggaegnto two pieces, by a T- peel i ng net hod
usi ng a const ant stretching rate ége tensile tester. A stress
created on the sanple was Peforepg uF%ﬂtfléhe fiber wa§ mohekwee-

di mensi onal changendfitfivhed asbeettemperature of 20%cfabes BéEREiv@vi Ng a

| engt h of 0 t f .50 was_subjected t neasur ement
of the ) |3E8§&g8 XI(FHﬁ ?ﬁ Q?Qtﬁ%rsggg?o%ﬁ?o?ég %ﬁ af?ﬁfa% heat
treatment at a t@#ﬁéﬁaﬂgréeéiSBSG@bYr?éaﬁureﬁentnuaes¢aby136 outustng a

hi gh accuracy twgeg e&aeugaabfcseﬁélaets relativEPREHGIEA! (REP!SF 463@9'6 by

Mut o Kogyo K. K. ). The ch angﬂ % I n the | ongitudi na eng

cal culated in ad€dr dAMEBREF B tﬁ§t¥6FF%ﬂnh@P%ﬁhEY|bﬂns

Dn( % (Lb - La)/La x 100r2Bers waéecﬂttnhbf@reﬁmméﬁsedth@rﬂwlml of
gkg§?5|OnaiSChangﬁstllled wa@S%?SH& hea%hgr Ityglgglaugggigvgf the fi ber

temperature of 121°C under a pressure of 2 kg/cm’G for
24 hours. The amounts of the extracted individual types
of impurity ions in the distilled water were determined
by an ICP analysis and an ion-chromatographic analysis.
20 The amounts of the individual types of impurity ions were
indicated in mg per liter of the extracting distilled
water.
{(7) Bulk density of fiber sheet
The bulk density of each staple fiber sheet was
25 determined in accordance with Japanese Industrial
Standard (JIS) C 2111, Section 6.1.
(8) Tensile strength of fiber sheet
(A) Tensile strength and ultimate elongation
of fibers
30 The tensile strength and ultimate
elongation of fibers were tested in accordance with
JIS L 1013, Section 7 by using a constant stretching rate
type tensile tester. '
(B) Tensile strength of fiber sheet
35 ) The tensile strength of a fiber sheet was
tested in accordance with JIS C 2111, Section 7, by using
a’ constant stretching rate type tensile tester.



bet ween before and after the heat treatnent, Lb represents a

| ongi tudinal length of the fiber sheet after the heat treatnment and
La represents a | ongitudinal 25 | engt h of the sheet before the heat
treat nment. (11) D nensional change of fiber sheet due to

noi sture absorption and desorption thereof A sanple of a
fiber sheet was left to stand in an_ )sphere at roomtenperature at
arelative humdity 30 (RH) of 85%or nore for 120 hours or nore to

al l ow t he sanple to fully absorb noisture therein. The sanple

having a width of 5 w)wa&nwrdaﬁtmtawp@adm@r Ek@BAgth of EhBeeokhbygta pair
of hol ders of a thermal anal;gpiI &1 a emarfk Thergof ex. t e thernmal

anal yzer TMA, nade 35 iﬁaﬁlﬁtﬁﬁ‘ﬂ' afipn) of $he LIRLEFART &IP ance

bet ween t he peel’]dlmbarsumgmom f'[bersahple@ wasshmpledofnthhefibermal

anal yzer fromr e Ol.@r eat | a

- 28 - %?{Efé)t[ ggsl]rl m nl}:eglgg.'ﬁld[o?hghg mﬂl ﬁgﬁ g *r”ggﬁqht %ﬁpérsam&r‘gazsit a
cooling rabe of PEGlerdivdMeich@te thehainddei AgyandPesSHEPRgthereofpascadur es

were repeated flﬁééle.i.rngt \Mrﬁflemofﬁqfs% delrees into Rtwaeﬁle&eapr Byl B fatal ),

whi l e recordi ng a di nensi gnal . chan e of thg-ﬂ-’ gng %he sanple on a
chart. The peqiing §|etlh(.9rﬁjgt“ﬁl(9ﬁ BnEOBSARE SETEFC FlBgnﬁF fuFgpPe

condi ti oni ng st amrﬁmclebej‘e(yﬁert.heAf istxteslseatriendgest ep whe samplecwapared with
the |l ength of t cﬁ after the second or |ater cooling step was
conpl eted. The ITB.XI mum 10 di fference between the I ength of the sanple
after thel0 noi stliftle- @hermalo gimgnsiopadnghisagsr eft hébeirr shegéating

step and the length of the Sﬁrﬂére sHe¥ NaRAn%e@oneéngkh of 30ba§nﬁr ag@ohi ng
step was cal cul a "H.fﬁﬁ and then (ﬁz&ﬁcent age of the gumhl engt h
di fference (naxi by of oelnﬁ‘hd‘?ﬁ Svbge FemPs APPRREGES ed™8n the

sanpl e I er’ig:lir’(g:laﬁichrnatlhdeﬁytﬂi uife - utm@lmeleanmgos‘eepndndflnefroaeheat
the first heati C | at e | Iy ofh h ghange,
t he hi gher the r}%er rraqﬁpe \c,i'@netn% oq"lr%a e%tumstafg:éﬁottc to Rd 3 lbﬁgt%dn 9

resi stancdSof t hesigd diigh taeswEcy Wﬁéﬂ@tﬂ@rl@naénGO%ﬂgﬂaﬁé-

content-varyi ng gOonditdi¥ie tester (madel%g Predl&dg9e &f.k.3m nahe tlange
an

el ectric circuit aluatlo of. cuttlng
processability (%) in the longltudlnal lengt was ca culated in

accordance with the-following equation:
Dn(%) = (Lb - La)/La x 100
20 wherein Dn represents a thermal dimensional change in
percent in the longitudinal length of.- the fiber sheet
between before and after the heat treatment, Lb
represents a longitudinal length of the fiber sheet after
the heat treatment and La represents a longitudinal
25 length of the sheet before the heat treatment.
(11) Dimensional change of fiber sheet due to
moisture absorption and desorption thereof
A sample of a fiber sheet was left to stand in
an atmosphere at room temperature at a relative humidity
30 (RH) of 85% or more for 120 hours or more to allow the
sampleato fully absorb moisture therein. The sample
having a width of 5 mm was held at two end portions
thereof by a pair of holders of a thermal analyzer
_ (trademark: Thermoflex type thermal analyzer TMA, made
35 by Rigaku Denki K.K.). The initial distance between the
holder was 200 mm. The sample was heated in the thermal
analyzer from room temperature to 280°C at a heating rate



t her eof A varni sh conposition was prepared by preparing 25

a mxture of a high-purity brom nated bi sphenol A-type epoxy resin

wi th an o-cresol novol ak type epoxy resin, a curing agent consisting
of dicyandi am de and a curing- pronoting agent consisting of

2-et hyl -4-met hyl -i m dazol e ~and dissolving the resultant m xture in a
m xed sol vent 30 consi sting of nethylethyl ketone and met hyl cell osol ve
in a mxing ratio of 50/50 by wei ght- 28 sanple of a fiber sheet
was i npregnated with the varnish conposition, and t hen the

| mpregnat ed varni sh.coenposition S erature of 100 to .
120[err]C for 5 P% é g?ﬂﬁ?&ﬁ 2B %gen 5?%%?%et%.fP%Ta PREAYHER) ahert
haV|ng a varnlshcoeéung rate Oﬁﬂl@ﬁC/Min&ﬁ@ﬁbYTN@|M@Etlng and cooling [Wo
pi eces of the pr e r t

- 29 - EU§EE %r%ﬁtgg %@kggﬂF?aceéwﬁﬁe 2OF i P2e cohpese

foil having a thFéWﬁés@rOWOBS {@rb@?ﬂi)an@h%hQnre©mm¢nmmea dimendiomdl and

back surfaoes of chhggeestl Lot 1LAGERALE Mﬁ‘é 1eféyt Wi th
two pieces of a seco%d c?gger foﬁ?% T t%e sd%gég%lcknesggas t hat

avin
of the first copp8ttial g °%h%h?e%%mﬁ%ﬁna§%ﬁﬁrﬁﬁ%eW@&ﬁ?ﬂ%ﬂ-pressed in
a r educed poadSﬁienﬁthSﬁ@pr8n@1bé&6ﬁ@p€ﬁ@lﬂiﬁs@fhéQEHﬁﬁrdéép was
under a pressureg e cured.in
hot air dryer at gﬁ\?é‘?r%é?g girle&q% g%ﬁ)?err'?}cif iﬂ“gpea%%[ﬁr dPsisrd A
cured | aninate fOF hAtereeeeling StepCWE%L¢Qmmkﬁweﬂvw&&h&nmaxmmhm

The el ectrig ci reyffebeﬁéé ﬂ)@fﬂlé‘é’ﬁetl‘{@slen th &ﬁ Shrd d406 Agidt S
t hereof by a hig eed- [ evol vi ng aV|n arr out er di anet er of

0.5 nmat a 15 m°+§‘%¥%.ﬂan%%°%ngmsm A1 (RS TR e G &t ha kDN
M croscopic photsgepphn@fth@pbén@@mt¢£WEhéﬁséﬁ§iéf&iﬁ&t the sd¥ddd Q¥ faces

of the resultant ndric hol es S ta The .cut surface
condi ti ons of th%gﬁgfeégé%lng sé%p Yﬁﬁxﬁ%ﬁkP%ﬁﬁFQANﬂ tﬁﬂfqrﬁQFthe
foll owi ng three péncertage of the maxidhasslength difference Quidstingim

Processabiqg t fti oce b|||t
19ty elongati nt%r%ha)flmum shﬁ?tﬁ&a&éj), Bk Y U ststﬂe &},]TI ne

The inner wall surfaCe o
fibrils and is qh??%th after the moisture-conditioning step and before

the first heating step was calculated. The lower the
length change, the higher the thermal dimensional

Q

stability and deformation resistance of the sample in the
20 temperature~ and moisture content-varying conditions.
(12) Production of laminate for electric circuit
board and evaluation of cutting processability
thereof
A varnish composition was prepared by preparing
25 a mixture of a high-purity brominated bisphenol A-type
epoxy resin with an o-cresol novolak type epoxy resin, a
curing agent consisting of dicyandiamide and a curing-
promoting agent consisting of 2-ethyl-4-methyl-imidazole
and dissolving the resultant mixture in a mixed solvent
30 consisting of methylethylketone and methyl cellosolve in
a mixing ratio of 50/50 by weight. A sample of a fiber
sheet was impregnated with the varnish composition, and
then the impregnated varnish composition was dried at a
temperature of 100 to 120°C for 5 to 10 minutes, to
35 provide a B stage pre-preg sheet having a varnish resin
content of 55% by volume. )
Two pieces of the pre-preg sheet were laminated



snoot h. - 2 Satisfactory cutting processability

The inner wall surface of the hole has a snal
nunber of fine fibrils whi ch do not cause any
probt emin practi ce. 1 Bad
The inner wall surface of the hole has a | arge
nunber of fine fibrils and is not snooth. 20

(13) Deformation of a laminate for electrH @%itcuit board
The sane pre-preg sheets as that used in test (12) was | am nated on

both the front an . 30 -
surfaces of a fiPgtngngPefSf?nﬁag?ﬂgb39¥h?%ﬁﬁ%%§sd?f a firsh COPRRY t hen
second copper fofbsglhhavihggaat thigkeessobf 35 um3Sapd veer, |lbotmatieel on the
pre-preg sheet |ayghg. adf®pack ?uffég%gagf Lﬁ€1P@§§l + BRI RLESSEL by 2
hot press. The 5 resul tant Tamnate was cut rnto square piecés having
length and wi dt hfsrthsrmipminatedeviitentval pieees of a seqond ieopper fobl
second copper fohhgifly the §6MATEnPERRESs as thdBVOAGtRe | £NEEH @Gshay dth of
110 mm were renoved, S ortions of the, second

_ : e OTSS to rftaln edge g
copper foils in 4°%é- GuhPEuitant EPHRALS| YRS DGRETRESTSSD In2 by
neanfioft t_ereuhn?dhpnezseparatmogpheﬁasafoihtéfpéfﬁwurétmf %7%{ct
resultant partia a e r - . I a
t enper at ure of ZEEFS?r?Cﬁ?grQQ%gn§ﬁu?gs£8&wgﬁf% 3 t1£u§§§diﬁ§%%%Vé$%
def or med, due toCBEedhéft at heht apbhtdryer attactemperatucefeof 0ol &rthe

speci mens ygre naasytedoaminuets. @ Ai EhLEENEEMIRatderbeVEh PRIMEEt he
def orned portions, he.centralngortlons of the specinmens. The

. nd é
def or mati on incIﬁ&EcRéFpgﬂ@F dVaf oPPFah

orsion, and corrugation. 20
(14) | nsul ation resistantheaélacbrgd dintdityboard laminate wadhe sane
| am nate for ele ' LLGUI d. . ore-drilling .,as_that in the
test (12) was usgggkﬁﬁgkéa at gg?éa%%l%Fstﬁ§£¥%%fn eawﬁgb?mﬁ??%.Ty et ched
to form comevehupad dritirbawingtannveten| diaheterdSofmd ahdum at a
15 revolving rate of 70,000 turns/minute, and an electron

microscopic photograph of upper portions of the inside
wall surfaces of the resultant five cylindrical holes was
taken. The cut surface conditions of the holes were
observed and evaluated into the following three classes.

Class Cutting processability

3 Best cutting processability
The inner wall surface of the hole-
has no fine fibrils and is gquite
smooth.
2 . Satisfactory cutting processability
The inner wall surface of the hole
has a small number of fine fibrils
which do not cause any problem in
practice.
1 Bad
The inner wall surface of the hole
has a large number of fine fibrils
_ and is not smooth.
20 (13) Deformation of a laminate for electric circuit
board
The same pre-preg sheets as that used in
test (12) was laminatqd on both the front and back



25 consisting of the second copper foil. The resultant speci nen-

was stofed for 1,000 hours while applying a direct voltage of 35V to
the el ectrodes at a tenperature of 60[err]C at a relative humdity
(RH) < of 95% and then in the atnosphere at a tenperature of 20[err]C
at arelative 30 hum dity (RH) of 6% for one hour. After the storage, a
direct voltage of 35 to 90 volts was appILegoto the el ectrodes for 60
seconds, to neasure the insulation redrstance of the specinen

Exanple 1 35 Pol y- p- phenyl ene terepht hal ani de fibers having an

Igpg{,:”t Sua:c fli gzrzsﬁbfé‘@@_s?f_ gai fi 6k _Q:c%ﬁ:)é:ﬁ 160 defvialg .a &hicknesgpeE fic

0 . an equ 1.Drium nol ure . . .

'3 cLB iR aRE HRERISCIM SHPRER AU Ha%ing & ithickness of
(1(1(2)2)0|)ol alne of fsg gnmwéﬁzamsima)md amncclen mpppmd sheet layestsal Jhee at
a pl ane o . m ngstraq ' ended. i |
distilled water Eﬁﬁu%{-’]?rrlér efdarg ,9&;5& W@% rf%%-sqﬁllgé;sleend;%igtaneq*ogcr E;a}béoéu 'Wlo%eday
to fully wedsh theesultantibaminatedvas eleerigaye sateRigass imvident ent of

t he fibers;ed8en 178 WBSHEbof | P Yedfd HH&H Adifkral squitecessively

heat-treated in a high tenperate atnosphere ., at t.enper at ure of
280[ err] C for onBORFHOR®. Ofothe secongiORRRY §oihs é?%rfﬂ’iq SHRY R IRESS
fibers were hagihgesat Bendoh aamdasidetiesd VIO tine vwppsrnsnowsd/ stsd as

sizes (A) and (B) .in.the (110 I d.th : LA
results of the( négsﬁ?{é%lﬁg?&?% %‘S‘%ﬁ?ﬁf%r‘?&% gﬁoeoéorpé %o‘s%ﬁ)pzeer (f,&jlliéqn Jtlﬂgd
(110) pl arld of thguarbeframasisr maving a WBtmGt2bmy), Ly yreais wfe (B)

in the (200) pla | WesnS- str ), the
product (A x B) agcgin%ést%fﬁ%ﬁafr%te)@%?%pert%e%%?rgégzt%)%er srﬂ%%sted by the

above- ment i oned ¥esuliabhoBarhialkhoRkched mmEnate pileces wergdigffative

Exanple 1 20 treatdfCataNELPHPSEANLS &6 260 Txafgt e1( nibietesy I ivdten
out, except that the washin eat-tre

of the aromatic Fyﬁﬂ?ﬁém?ﬁﬁle‘p%%e\:‘?%%g%gg’ 0 t?e{%a-n&e heat mre%%e&t’nent
resul tant ¥ omat thepnbhyamunedéfbemathoml @fi the specimens were measured as
a difference in the level between the deformed portions
and the central portions of the specimens. The
deformation include warping, distortion, torsion, and
corrugation.
20 (14) Insulation resistance at a high humidity
The same laminate for electric circuit board
before drilling as that in the test (12) was used. One
surface of the laminate was partially etched to form
comb-shaped electrodes at intervals of 0.15 mm and
25 consisting of the second copper foil. The resultant
specimen was stored for 1,000 hours while applying a
direct voltage of 35V to the electrodes at a temperature
of 60°C at a relative humidity (RH) of 95%, and then in
the atmosphere at a temperature of 20°C at a relative
30 humidity (RH) of 6% for one hour. After the storage, a
' direct voltage of 35 to 90 volts was applied to the
electrodes for 60_seconds, to measure the insulation
resistance of the specimen
Example 1
35 Poly-p-phenylene terephthalamide fibers having an
individual fiber thickness of 1.67 d tex (1.50 denier), a

épecific gravity of 1.442, an equilibrium moisture



25 apparent crystal size.(A) in the (110) plane of 3.5 nm (55
angstrofs) and an apparent crystal size (B) in the (200) plane of 6.2
nm (62 angstronms) and a product (A x B) was 34.10. The properties of
the §ibers are shown in Table 1. 30 Exanpl e 2 The
sane procedure as in Exanple 1 were carried out, except that the
heat -treat nent was applied at a tenperature of 325[err]C to the
fibers. The resul tant aronmatic-p@llyam de fibers had an 35
apparent crystal size (A) in the (110) plane of 10.2 nm (102
angstrons) and an Eparent crystal size (B) in the.

32 - content of bl hilhe ¥ IRAFERY STFETERE rvvES athd a

product (110) plaaﬁAoﬁ B) 5 Wah 6?57£ngsﬂ}6méwcunﬁtAﬁﬁhpgaﬁéﬁtfIbers
are |

5 pol y- pEERERDT ORbER cPh i ol G REES 125 o 1ol 64y angstrone ) °
i ndi vi dual fi berwehécknependéd 1158f bowbnxg (disi2illbed evgtem and stirred at
speci fic gravity,ofod. 40Py fflg ML | BEL 5'%5@& S edaéy to fully wash the

content of about 4.5% an ap arent cryst S| ze
(110) pl ane of 7f2baRE( 7204 &t‘ﬁ%‘%‘}a%d"—% Hpp#r LY ion content jgf the

crystal size at aihap§. pl anen @f&e&véﬁsm(ﬁﬂo@f@%émnec& and

were washed in the s tp ful

wash the fibers, sﬁﬁﬂe?%lg%%Y%%%tT%e%ﬁgpﬁya Rt I&o‘?ﬁ‘é?ﬁrate atmosphere

of the fibers. ThEnat’qempaséredréld»érzs@\kEef@br|<mleanmhute

successively heat |1 oSG L, PO GIRELC M yaniae £iberdVere 2 TO3PIETE
resul tant aromat $ebperyedi He @ imeasuyppent of the apparent expftated to a

measur ement of tBEzééY@A?'aﬁdZ?ﬁ)(fﬂ @nE (110) plane and thd B2ddY) tfeadd10)
pl ane and t he (29 Ian results o h

t he
measur enent, the 8 ?eﬁ?s%i9§t%f the Jreggurement, theZﬂPPar?qFt?ﬁyiﬁﬁb)
pl ane of the fi bemsewas) 15n4t1mm(110) plane of the (ﬂ_ﬁélemg,&tscﬂm) nri he
apparent cyystal ,§hz | ) the
fibers Wagléllz 2 %b(ggéggﬁ%@ﬂ SYStal size (B) in tzﬂ)?o procﬁjcafn?fx B)
was 187.88. Thetbeopibéreswas 8he nm (83 angstroms), ftlersrddsdted Dy tHe
EggxglgEztloned teStGEEEBOdSThe properties of the Efggﬁglgggggge%;'the

above-mentioned test methods are shown in Table 1.

Comparative Example 1

20 The same procedures as in Example 1 were carried
out, except that the washing in the flowing water and
heat-treatment of the aromatic polyamide fibers were
omitted. '

The resultant aromatic polyamide fibers had an

25 apparent crystal size (A) in the (110) plane of 3.5 nm
(55 angstroms) and an apparent crystal size (B) in the
(200) plane of 6.2 nm (62 angstroms) and a
product (A x B) was 34.10. The properties of the fibers
are shown in Table 1.

30 Example 2

The same procedure as in Example 1 were carried out,
except that the heat-treatment was applied at a
temperature of 325°C to the fibers.

The resultant aromatic polyamide fibers had an

35 apparent crystal size (A) in the (110) plane of 10.2 nm
(102 angstroms) and an apparent crystal size (B) in the

— e



The sane procedures as in Exanple 3 were carried out,
except that the heat-treatnent was applied at a

tenperature of 450[err]C to the fibers. 30 The resul tant
aromati c pol yam de fibers had an apparent crystal size
(A) in the (110) plane of 17.0 nm (170 angstrons) and an
apparent crystal size (B) in the (200) plane of 14.5 nm (145 angstrons) and
a product (A x B) was 246380~ The properties of the
fibers are 35 shown in Table 1.

Co ti Ex 33 -
Thgpg;ﬁel \pg(raocegu Je&a)s RIRNS o1& & Mer@ & ANastF @), and 2 PE)?@é’ﬁtt that the

heat-treat ment was - ivets @7.972. Thd YRPaitded off 35Ql @ibkest grtehe

fibers. The resultant aromatic pol yam de fibers had an

apparent cryst alSkw ¥mTahle He (110) plane of 28.5 nm (285 |

angstrons) and an apn@{ﬁglézrystal size (B) in the (200) pl ane of
x B). was 632.70. ,The

22.2 nm (222 angstrons
properti es%of the fi b%‘% &ar‘épny%-e%m‘?ﬂhtfé’f}ia@ ife fgbers havipgean

resul tant fi ber singiwiduer nfhiber Cbhxbkzm;kspn:ﬁ hess d texurflade pentiednNs a
hereof, ool OrechiOioef EANL BRI 1 ass, SXNBLNGTA oWcsuLage ol ectric

resistivity of T uS e eSS "8 Sa S ect ri ¢
i nsul ati ng mat er¢eptent phhar: 4.5%, an apgdreni erystal size atTle sane

procedures as in ﬂ@m_@rﬁ’ewe} czarzfm e(dn angst¥¥ms )u0Plant Rpaaldn@r the
I mpurity ign content of ers was decreased by washing the

fibers wit YSt‘i‘%(ﬁPsZEer iat & I‘(M%g}’]\ﬁeﬁee)r 8- HERS ARISHEMSders in
20 t he wat er ;wéihe wasthedl i es sumee armieghtas [0 PxRmipde 1 to fulilyh a

super hi gh te”p%ﬁ}?r’%xé]vﬂ.lfeé’rﬁat aal’x&g: ec{e%tr%raeseOfth[ehé.nWélgtle&ere“]heat %%t

tension for 0.6 Secon ‘or'war ding on reat
the fibers. of the flikerssulThen theomasheddipersdeerichairsadadngn 25

apparent cryst alggte@sdNely Hdie (ddbe ] ane apfhlngI £dMPeraturel 107
angstroms) and an agé)arent crystal size (B
phere at "a temperature of 400 C for one minute.

The resultant aromatic polyamide fibers were

subjected to a measurement of the crystal sizes (A) and

(B) in the (110) plane and the (200) plane. In the

results of the méasurement, the apparent crystal size (A)
20 in the (110) plane of the fibers was 15.4 nm

(154 angstroms), the apparent crystal size (B) in the

(200) plane of the fibers was 12.2 nm (122 angstroms),

the product (A x B) was 187.88. The properties of the

fibers tested by the above-mentioned test methods are
25 shown in Table 1.
Example 4
The same procedures as in Example 3 were carried
out, except that the heat-treatment was applied at a
temperature of 450°C to the fibers.
30 The resultant aromatic polyamide fibers had an
apparent crystal size (A) in the (110) plané of 17.0 nm
(170 angstroms) and an apparent crystal size (B) in the
(200) plane of 14.5 nm (145 angstroms) and a product
(A x B) was 246.50. The properties of the fibers are
35 shown in Table 1.

Comparative Example 2



(200) plane of 9.2 nm (92 angstrons) and a product . (A x B) was 98. 44.
The properties of the fibers are shown in Table 1. 30

Exanpl e 6 The sane procedures as in Exanple 3 were carried
out,.except that after the inpurity ion content of the fibers were
decreased by i nmersing the firbérs in an I ndustrial flow ng water and
washing the fibers with the 35 flowing water, the washed fibers were
brought into contact with a super hirgB3tenperature of 550[err]C under
- 34 - tension for 0.5 second while forwarding the fibers al ong
the heater, to heat-tfeat_the fib sul t ant__ar.o

pol yam de f| bers had {z‘a same %’fo% ‘?%un]fe cq‘i/thrhlE’ga}“ipgie(&e“ﬁF% G ( a{ne
of 28.0 nm5 ¢286ptanysat orikg , heat -dppeartEmntc et aﬁppo"hm (@) an the

(200) pl ane of 2@erﬂpr ,ﬁgé @fngﬁdqmsg aﬂ'ﬁeaff %cg.] (A x B) was
627. 20. sical properties of t aromati c pol yam de
fibers are shown in T"é%?er‘isu fpnt aromatpgpplyamide fibers hpgke afane

procedur es s i NafyarPhe€ ErydELl Cizd edh) in tt%lt(ll@()c%ﬂ:faﬂé‘aif t3.5 nm
t enper at ure of thﬁsheat er was changed to 600[ e C,. the cont act t| me

of the fibers wifh8PnRNISLromgLARg P A TR SAhdBNgn £
The resul tant ar 0280 ) cppahey avd dz2 f2 brent s( deal aitgstroms)am]ﬁf entprydisdtal  si ze

(A) in the (110) pl ane of - 27 275 angstro an_ appar ent
crystal size (B)f gn X thy was 637(3@6‘) piRgh LTAPSIT i85 R Zt(ﬁ? G0 REe and a
pr oduct (Asko®h ©Oh {9531@01 20 The physical properties of the

aromatic | yam de be hown |n Ta
Conpar at i \F}@ Exanpl e 370 1es§ t"’ug‘atl'h%l ta'tﬁ”é‘éa]agsy 9 idians €% ths e
carried ousurfacepportibdng htehem:pre,r ad:mkca:eﬂ irte> hee ddrwnnaso 124,

Changed ne 650[ eé %fgg%tgglé%g?%faéé r@légtgl{]@ ]:fég_e%’f?l\y% ar OI'TB.t I Ct he

heat er was change resu
pol yani de fibers3hadl@fiQ/cm and thus were useless as an electric

insulating material in practice.
15 Example 5
The same procedures as in Example 3 were carried
out, except that after the impurity ion content of the
fibers was decreased by washing the fibers with an
industrial flowing water while imﬁersing the fibers in
20 the water, the washed fibefs were brought into contact
with a super high temperature heater at a temperature of
550°C under tension for 0.6 second, while forwarding on
the heater to heat-treat the fibers.
The resultant aromatic polyamide fibers had an
25 apparent crystal size (A) in the (110) plane of 10.7 nm
(107 angstroms) and an apparent crystal size (B) in the
(200) plane of 9.2 nm (92 angstroms) and a product
(A x B) was 98.44. The properties of the fibers are
shown in Table 1.
30 Example 6
The same procedures as in Example 3 were carried
out, except that after the impurity ion content of the
fibers were decreased by immersing the fibers in an
industrial flowing water and washing the fibers with the
35 flowing water, the washed fibers were brought into
contact with a super high temperature of 550°C under



apparent crystal size (A in the (110) plane of 28.2 nm (282
angstrons), an apparent crystal size (B) in the 30 (200) plane of 22.5

nm (225 angstrons) and a product (A x B) was 634.50. The
physi cal properties of the aromatic pol yam de fibers are shown in
Table 1. In the resultant fibers, the surface portions of the fibers
wer e heat - oxi di zed and 35 colored brown. The resultant fibers had a | ow
surface electric resistivity of 2 x~18ferr][err]/cmand thus are

sui tabl e as an electric insulating material in practice.

- 36 -

tension for 0.5 second while forwarding the fibers along
the heater, to heat-treat the fibers.
The resultant aromatic polyamide fibers had an
apparent crystal size (A) in the (110) plane of 28.0 nm
5 (280 angstroms), an apparent crystal size (B) in the
(200) plane of 22.4 nm (224 angstroms) and a product
(A x B) was 627.20.

The physical propérties of the aromatic polyamide
fibers are shown in Table 1.

10 Example 7
The same procedures as in Example 6 were carried

out, except that the temperature of the heater was
changed to 600°C, the contact time of the fibers wifh the
heater was changed to 0.6 second.

15 The resultant aromatic polyamide fibers had an
apparent crystal size (A) in the (110) plane of 27.5 nm
(275 angstroms), an apparent crystal size (B) in the
(200) plane of 20.8 nm (208 angstroms) and a product

(A x B) of 572.00.

20 The physical properties of the aromatic polyamide
fibers are shown in Table 1. ‘
Comparative Example 3
The same procedures as in Example 6 were carried
out, except that the temperature of the heater was
25 - changed to 650°C and the contact time of the fibers with
the heater was changed to 0.9 second.
The resultant aromatic polyamide-fibers had an
apparent crystal size (A) in the (110) plane of 28.2 nm
(282 angstroms), an apparent crystal size (B) in the
30 (200) plane of 22.5 nm (225 angstroms) and a product
(A x B) was 634.50. |

The physical properties of the aromatic polyamide
fibers are shown in Table 1. In the resultant fibers,
the surface portions of the fibers were heat-oxidized and

35 colored brown. The resultant fibers had a low surface

electric resistivity of 2 x 10°Q/cm and thus are suitable



.- 35 -—

as an electric insulating material in practice.
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Exanpl e* 8

sanme aromati c pol yam de (pol y-p-phenyl ene
in Exanple 4 having a fiber

content of 1.6%

5

37 -

A staple fiber blend conprising 94% by wei ght of the

t erepht hal am de) fibers as
| ength of 3 nm an equilibrium noisture

phenyl ene/ 3, 4' - oxydi phenyl ene terepht hal am de),

and 6% by wei ght of _fggrids conprising a copol y(p-
made by

TEIJIN and an

equi li brium noi sture cprtent of 4 1% were Su$pended in water by using
a pul per and m xed with @ 02% 1;@N by wei ght| of a di spersi ng agent
(Trademark: YM 80, megdgd . BYSMATSOVDTOYISAI K. K., to provide an
aqueous slurr u"c a sEaple fiber-tipri otal content o . 0
| hig{i=n Eaqple fber-fiprid qot al tent of 0.15%b
wei ght, for a sheet-forgﬂ-’ng procedure. The aqueous staple fiber
slurry was subjected tim@|g 15 paper - f orm ngf procgdure using a TAPPI hand
paper - f orm ng igne, thejresultant wet staple fiber web was lightly
dewat ered under pressurga the deyt®red ‘L}vé:[“’.st‘_“?@'g fiber web was
dried in a hot air dri 3a§ a tE&nper &t Gré of 150[err]C for 15
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of 160 kg/cm then further heat pressed by using a high 25 tenperature

hi gh cal endering machine with a pair of netal roll s havi ng hardened
surfaces and a di aneter of about 400 mm at a tenperature of
320[err] C under a linear pressure of 200 kg/cm to soften and/or nelt
t he copol y(p- phenyl ene/ 3, 4 - oxydi phenyl ene terephthal am de) fibrids
30 and to firmy bond the poly-p-phenyl ene terephthal am de stapl e
fibers to each other through the softened-apd/or . nolten fibrids. An
aromati c pol yam de fiber sheet having a basis weight of 72 g/nferr]
was obt ai ned. The resultant aromatic pol yam de fiber sheet had

an 35 equilibriumBsaBrlieBcontent of 1.73% The sheet-

production conditi OnSAoétiﬂSIEefﬁﬂ%r Sil'ﬁéi{d AP i®hd MW4e by weakjrt 2ardhd he
properties of the_fiber sheet

- 38- by THE® a%%%a%%tﬁ’ﬁ?gr mée]%t%p%ye S RSHRRVGRYAE bl e 3.
Al so, a pre-pregterspptivallaeitdd y dnbdrs fadeim sheatple 4 haandlgid a':'m'bm:t e for

an electrigcirc 3/% r r

met hod as (sshown P%ﬁ?ﬁqaép ’p é}?% 1ibr furl rrﬁﬂ]'ﬁﬁ‘:b“eﬁez?lr':r:lec\bnat‘e?'g: was ]Tested
by the tests 12,ang @hobnzlwelght offHelhrigls raompnis igre & feRPliv( PFabl e 3.
Conparative Exanpﬂlénﬁlenem 4’ -o:g/iﬁﬁéﬁﬁérfé pé&ﬂéﬁiﬁtﬂf‘alfdnmfe Shegla

produced by 10. t he sa rocedures as in Exanple 8, except that t he

fiber blend conpfrseHY oxe 1%‘%@%%‘? content gff drylijaenep) e
fibers and 2% bysu\mpgﬂikﬂed)flmo,ﬁmwi( [by using [Hl@wlﬁm/a&dfl ‘miced iwilany erzas

terepht halgte) fibri T rod CtIO 1&ns e
sheet is fg)t %g ng%htl'a?ﬁ Zdl%ﬁldlh‘f% pr%pert 5 cfb?x{at € fll@I 8t0Q’hee
tested by the abley MABSHNQPR USHT K & o Stowrdvidratsine a@aueous slmy

properties of th@adrﬁrﬂ@,n@t@téﬂe efﬁ&éfiﬂ&lf&bﬁ&tal contR & [y aduceq, from
the fiber sheet was tested tests (12), (13) and (14) The test

results are show®igRbo £ oréﬁr@%‘: -forming pro ‘es 9 to 13 and
Conpar at i ve Exanpl es BhangkWeous staple ﬂjlbe&amxﬂfrﬁmﬁ)lsmaj%dﬂédl&oalw

CoMRRT 1S e QabRPIP BTy Whdeo UL € A0 L sl
machlne, the resultant wet staple fiber web was lightly
dewatered under pressure, the dewatered wet staple fiber
web was dried in a hot air drier at a temperature of
150°C for 15 minutes. A heat-resistant fiber sheet was

20 obtained. Then the dried staple fiber web was heat-
tested by using a calender machine with a pair of metal
rolls having hardened surfaces and a diameter of about
350 mm, at a temperature of 200°C undef a liheér pressure
of 160 kg/cm, then further heat pressed by using a high

25 temperature high calendering machine with a pair of metal
rolls having hardened surfaces and a diameter of about
400 mm, at a temperature of 320°C under a linear pressure
of 200 kg/cm, to soften and/or melt the copoly(p-
phenylene/3,4'-oxydiphenylene terephthalamide) fibrids

30 and to firmly bond the poly-p-phenylene terephthalamide
staple fibers to each other through the softened and/or
molten fibrids. An aromatic polyamide fiber sheet having
a basis weight of 72 g/m® was obtained.

The resultant aromatic polyamide fiber sheet had an

35 equilibrium moisture content of 1.73%. The sheet-
production conditions of the fiber sheet are shown in

Table 2 and the properties of the fiber sheet determined



25 that the fiber sheet was prepared froma staple fiber ' bl end

conprising (1) the sane aromatic pol yam de staple fibers as in

Exanpl e 4, having a fiber length of 3 mm and an equilibrium noisture
content of 1.6% (2) aromatic pol yam de staple fibers conprising a
copol y(p- 30- phenyl ene/ 3, 4' - oxydi phenyl ene terepht hal am de, surface-
coated with 0.5% by weight of talc and 0. 1% by wei ght of osnose and
havi ng an individual fiber thickness of - 38 4,67 d tex (1.50 denier), a
fiber length of 3 mmand an equi l i brium noi sture content of 1.8%

which fibers are_3 ai | abI .unde trademar ECE(N??A f,rom

TEIJIN); and by %tffj a%’eat CTES §t°élr$td’ eSS &5l I;‘I%’P Horic &e( fede by

TEIJIN) conprising ak:](qml ﬂ;pr;ﬂWgen@/sa produced from the fiber sheet

- 39 - Ul DNEI RS (iRl RAlRlde) NFUIIE B8 el Hrdluged
9

noi sture cont ent In the proportions as shown in
stapl e fiber bl PSS RFoRFET i PYnder method agn@hoymydmt &l o a fi ber
sheet in tlge samged®tfiad as in 5 Exanpl e 8. ' The production

conditions of the fi eet abl e a t test
. b]@-h étamlnaq:edaygssﬁ&ﬁ% byaB:]-[x es%:s q.% q% &4

results of the fiber
| ami nate for el etite itesti masul tsoamds skawnl(n Ta@r]@pér ed froma pre- preg

produced fromthe fi Qﬁm’gﬂ_}fﬁlve Exgn{?ﬂg ggnated with the varnish
conposition. The resu €st s (blZ) (13) and ( 14) are shown
in Table 3. An @ﬁﬁ?ﬁtdtq \F@lﬁs@é%ﬂee er sheet wagn Pi dc by
pol yam de 1i ber sheedand oridcbinzes ks In Exatzﬂiﬂes%freel@cr Wt ahd N

Exanpl e 8, excepf. that t he, sane t|c P a staleflbers as

in Exanpl e 8 wer blq.fkdechnwrdﬁ%% %d%qrgeq&ﬁ rp

coplol y(g- o 20/ gﬁ@gﬂﬁe/sﬁ;a@l&@quﬁm@ddem& tbqremmjmmocfe)cdpdim(@s- }Nered

repl ace Yy 0 rrp oye
é%(}éueous soI utl onkﬁh e‘?ﬁ)ﬂén@ q-'%%relypgﬁl(éﬂa2tIQ=‘)d conten

in the state of 7an aving a t of the

bi nder of 10% by wei ghte a@pductiomgandidignsy ofpitde rf-‘éth%d sh@stng s he

fiber sheats-for gm@en J.n Ta‘Bl@eszVai‘td the przfert-ﬁj& RSO e 'f‘l’be@:o@lliefétons

of the fiber sheet arg own in Table and the test results (1 the
teste by the a ove-mentioned tests are shown in Tab

fi ber sheet
The properties of the laminate for electric circuit
- boards produced from the fiber sheet was tested by the
tests (12), (13) and (14). The test results are shown in
20 Table 3.

Examples 9 to 13 and Comparative Examples 5 and 6

In each of Examples 9 to 13 and Comparative
Examples 5 and 6, an aromatic polyamide fiber sheet was
produced by the same procedures as in Example 8, except

25 that the fiber sheet was prepared from a staple fiber
blend comprising (1) the same aromatic polyamide staple
fibers as in Example 4, having a fiber length of 3 mm and
an equilibrium moisture content of 1.6%; (2) aromatic
polyamide staple fibers comprising a copoly(p-

30 phenylene/3,4'-oxydiphenylene terephthalamide, surface-
coated with 0.5% by weight of talc and 0.1% by weight of
osmose and having an individual fiber thickness of
1.67 d tex (1.50 denier), a fiber length of 3 mm and an
equilibrium moisture content of 1.8% which fibers are

35 available under a trademark of TECHNORA from TEIJIN); and
(3) heat-resistant organic polymer fibrids (made by
TEIJIN) comprising a copoiy(p-phenylene/3,4'—



are shown in Table 31. ~ Also, the fiber sheet was converted to a

pre-prey and then further to a lamnate for electric circuit

boards by the nethod shown in the test (12). The results 30 of the tests
(12); (13) and (14) applied to the lam nate are shown in Table 3.
Exanples 14 to 15 and Conparative Exanples 8 and 9 An aromatic
pol yam de fi ber sheet was produced by the sanme procedures as in
Exanpl e 10, except that the 35 same arom#tic pol yam de staple fibers as
i n Exanmpl e 4, and copol y( p:phenyl ene/ 3, 4' - oxydi phenyl ene

terepht hal am de staple fibers (trad rk: T made e s

o SPRESeRy 1R2S: K5-BREFRALoPATS) PRBLPY: AR cRABLLiBFion

1.67 d tex (1.50cdstiuge) coatbinbepf| éngth oh Shenprapdrhhons as shoivhi bri um
noi sture conten 1,8% efe e ] Y% b | of
talc and 0.1%)b$§%gfgﬁf O?Bgsﬁgég?g,ggggkmgggnglgﬁﬁﬁ%ﬁgﬁg?ﬁééb¥%ﬁﬁégg£’
proportions shof®d Fopygréed to a fiber shegppis the same methodnagrbmatic
pol yam de §i ber exag@llewds produced by t he sane procedures as in
Exanpl e 10, except t

th e ti lde staple fib
o Bxanpi e 2, 10 RO ROSUPEHER PERGERLORoSohnPANdE SR GO F b P

nmoi st ure sbtowantinoffapléd®aaddcopel yéptpheaylesedB, dhe fiber sheet
oxydi phenyl ene tgrephthal agi agle fibers (trademark: :
TECHNCRA, , nade byeTEI%I aﬁ;éﬁﬁggag i ndi vi dual fiber t hi ckness of

1.67 d tex (1.50 denPdFp, & fppépatenger elegtric Qimgpitnboandequas$i brium

nDi sture TENt entorebated8%F2BR- a pre-pYehapeoa@abeds oh N Re S By VEHEEL Of
talc and 0. 1% by, wei ght, B Bsnnse,,mere used, . The
production condifPEFearethyitPpEpesKaEpigRecompPositiohn | Ahe b stanaf t he
test results of thiee teislher (3R¢gt (20) andr ¢18hoanei shdahl £n3rable 3. The

contents of {he | ucdygbatsRonkaiRd g e | f1ber oheet ere
extract ed sodi umion®n aromagicerplvanids fybert sheetheasxpredeeed poyassi um
ion 25  1sont erhewaamd. robebites a8dihhex8mpbiach edeLbbPt i PRat Ofhe same
aromatic polyamide staple fibers as in Example 8 were
used in an amount of 98% by weight, and the copoly(p-
phenylene/3,4'-oxydiphenylene terephthamide) fibrids were
. replaced by 2% by weight of an epoxy resin binder which
20 was employed in the state of an agueous solution having a
dry solid content of the binder of 10% by weight and
applied by a spray method during the fiber sheet-forming
procedure.

The production conditions of the fiber sheet are

25 shown in Table 2 and the test results of the fiber sheet
are shown in Table 3.

Also, the fiber sheet was converted to a pre-preg
and then further to a laminate for electric circuit
boards by the method shown in the test (12). The results

30 of the tests (12), (13) and (14) applied to the laminate
are shown in Table 3. .
Examples 14 to 15 and Comparative Examples 8 and 9
An aromatic polyamide fiber sheet was produced by

the same procedures as in Example 10, except that the

35 same aromatic polyamide staple fibers as in Example 4,
and copoly(p-phenylene/3,4'-oxydiphenylene
terephthalamide staple fibers (trademark: TECHNORA, made



content was 7.5 ng/liter. These inpurity ion contents wer e

sati sfactory. Al so, the fiber sheet was converted to a pre-preg
i npregnated with the varnish conposition and then further 30 to a

| aminate for electric circuit boards by the nethod shown in the test
(12). The results of the tests (12); (13) and (14) applied to the

| am nate are shown in + Table 3. Exanples 17 to 23 35

In each of Exanples 17 to 23, an aromati c-pebyam de fi ber sheet was
produced by the sane procedures as in Exanpl e 10, except that the
sane aromati c pol yam de - 41 -

staple fibers asPY mEGE dinmahdgndivighal gidger ¢ghickness3ofm and an
equi i bri um noi st U6® &Cﬂéﬁﬂﬁfiﬁyiﬁfﬂ%er), a ﬁ%beﬁ 13ﬁ?th of 3 ﬁ?,landfag
copol y( p- phenyl ene/ ' - oxydi nyl ene ter t e staple fibers
(trademar k: TEO—W\‘E&%%H‘EX ll%‘\}]/ﬁﬁ\bc%‘tenqﬁﬁﬁ] %%% angyisirdggecopgent
thickness of 1.67itht@x5% by weilghB) afertiadic) amal f0.06r Hyemglilyhaf oF mm@,gn
equi librium st £9 9 rf ace,coat 0.,5% by
wei ght of talc avgl%f% 1% femgim %Heoglﬁjsnﬁffﬁ%ﬁy&-oﬁ% Shew gg’e\r%‘y reir?e2

i sopht hal ami de st apl Mradeﬁar k: 10 CORNEX, made by TEIJIN)

ha¥i Bg aln i ndihvi dual .z(r% bﬁg‘omatic E{d]ljﬁ‘dﬁ]l Q;(%s f@;l?e?r- l%&e@/tgeyfs( %.rggg%%kiehp, and
a fiber |engt 0 nd copol y(p:phenyl ene/ 3, 4' - oxydi phenyl'ene

t er epht hal ani de ¥i%ride (E?%eedgﬂfeﬁaa% NP E\Rﬁ%i“@’ﬁ-en&§ ra ®Xcept gk fdg
resistance and asame)AdonEt ionpaliysinide curipdrt fibers el 4nl¥xawpie @i,xed
vi.th each gt her idy fHgi NG HAPUISAS of 3 mP B UN s 1ABLG o nBL kS

m xed staple fibers and. fibrids were suspended T"n-water.

The production comfkientoraf &-ahand saprodiydetr-pheaylene/3sddwn in Table 2 and

A'S0, “the. 1 ber Shertl 4aS Comverted 10 R Do pieg o ead (REOPIREK 1o
QI Isg’m' Lat(:a e :‘o(rar eﬁ%ﬁqﬁé@gir&g{]ﬁvﬁ’ry %EIJ%aE‘@é’i&g %I‘Peiﬁgtil‘féﬂh@llroﬁirbleﬁ t he
test (12). The risidkmess of If67 ke teast(I .602kenit)) ,aladfl(ibél'za.léfigitﬁgotfo
[ ch S958,2% 1 LD b B g, sone TR 1284 U
surface-coated with 0.5% by weight of talc and 0.1% by
weight of osmose, were used.
The production conditions of the fiber sheet are
shown in Table 2 and the test results of the fiber sheet
20 are shown in Table 3.
The contents of:the impurity ions contained in the
fiber sheet were measured by the above-mentioned
test (6). In the test results, the extracted sodium ion
content was 38 mg/liter, the extracted potassium ion
25 content was 3.8 mg/liter and the extracted chlorine ion -
content was 7.5 mg/liter. These impurity ion contents
were satisfactory.
Also, the fiber sheet was converted to a pre-preg
impregnated with the varnish composition and then further
30 to a laminate for electric circuit boards by the method
shown 'in the test (12). The results of the tests (12),
(13) and (14) applied to the laminate are shown in
Table 3.
Examples 17 to 23
35 In each of Examples 17 to 23, an aromatic polyamide
fiber sheet was produced by the same procedures as in
Example 10, except that the same aromatic polyamide



fi ber sheet was produced by the sane procedures-as in Exanpl e 19,

except that, the poly- m phenyl ene 30 | sopht hal am de staple fibers of
Exanpl e 19 were repl aced i n Exanpl e 24 by pol y-p-phenyl ene

benzo- bi st hi azol e staple fibers; in Exanple 25 by wholly aromatic

pol yest er staple fibers exhibiting a liquid crystalline property

when nelted; in Exanple 26 by polyphenylege4 ulfide 35 staple/fibers; in
Exanpl e 27 by pol yet heri m de staple froers; in Exanple 28 by

pol yet her et her ket one st apl e fibers; and in Exanple 29 by

pO'YtEtraf|Uoroeéﬂdﬁﬁ@eflbers as in Example 4 having a fiber length of
42- roducti on coqgltlons of the

tapl e flb
fi ber sheet are ¥ i gs"ﬁbvﬁ'ﬁ‘ﬁg‘%@ Z“%ﬁf"t’:pf?e e Qfi tls 8% the fi ber
sheet areopbdbyp+phdgilend/ 3, 4 S-oxydiphenylAmso tddepHtiledramsifgzet was

cireur 10 Pofabifipers (oeddl: | UECHoMD, BRI el PE ¢
of the testss (12ryav:(11&3)alanm<(m:§dta@blﬁ1é@en chigknesd mfi d .67 d te:are shown

in Table 3. 10 (1,50 denier a fiber length of 33 &l an equilibrium
M xi ng of conponent calen eri

I
fibers (w % olsture cong%ﬁgl Sﬁ% ané]surface coated with qﬁéﬁMQy
Staple Binder weight of talc and 0.1% by fwdiafist of fodmeyse, pranpament.

A B CDE p£é£§i§%e isophthalamide staple fibers (trademark:

10 CORNEX, made by TEIJIN) having an individual fiber
thickness of 3.33 d tex (3.0 denier), and a fiber 1length
of 5 mm, and copoly(p-phenylene/3,4'-oxydiphenylene
terephthalamide fibrids (made by TEIJIN), which has a
high heat resistance and an equilibrium moisture content

15 of 4.1%, were mixed with each other in mixing proportions
as shown in Table 2, and the mixed staple fibers and
fibrids were suspended in water.

The production conditions of the fiber sheet are
shown in Table 2 and the test results of the fiber sheet

20 are shown in Table 3. ' '

Also, theé fiber sheet was converted to a pre-preg
and then further to a laminate for electric circuit

boards by the method shown in the test (12). The results
of the tests (12), (13) and (14) applied to the laminate
25 are shown in Table 3.

Exampleé 24 to 29

In each of Examples 24 to 29, an aromatic polyamide

fiber sheet was produced by the same procedures as in
Example 19, except that, the poly-m-phenylene

30 iéophthalamide staple fibers of Example 19 were replaced
in Example 24 by poly-p-phenylene benzo-bisthiazole
staple fibers; in Example 25 by wholly aromatic polyester
staple fibers exhibiting a liquid crystalline property
when melted; in Example 26 by polyphenylene sulfide

35 staple/fibers; in Example 27 by polyetherimide staple
fibers; in Example 28 by polyetheretherketone staple
fibers; and in Example 29 by polytetrafluoroethylene



/resin . (Cerr]) (kg/cm Conparative 4 98/ 0 0/0/0
2/ 0 ¢ 320 200 Exanpl e 5 6/ 92 0/0/0
2/ 0 320 200 8 94/ 0 0/0/0
6/0 + 320 200 9 6/ 88 0/0/0
6/ 0 320 200 Exanpl e 10 15/ 75 0/0/0
10/ 0 320 200 : 11 20/ 60 0/0/0
20/ 0 320 200 - 42 =12 20/ 45 0/0/0
35/0 320 200 13 45/ 20 0/0/0
2 200 6 15/ 35 0/0/0
gg;g 228 staploghibers.  conparative 7 98/ 0 0/0/0
0/ 2 320 TR productidkadGiiditions oF the Hi%er shed¥ Hr
8; ]2_0 ggg shown Jgrggl‘able 2 and the test r%il’:llts % Zéle fiqoﬁlrgj eet
0/ 35 320 are she@ in TableCghparative Coanpar ati ve
45/ 20 @/ 0/0 ADLS0 the fiber¥&heet waddQ dt - 16
15/75  0/0/0 1070 o HRPEHpreet wapyyonverted to a pre-preq;
15/ 73 2/ 0/ 0 and thqre/@;rther to3 lamlnatg)o‘.or electric circuit 18
15; 70 5/ ;)/;) boards le% Oche methcgtﬂ(}shown irQ%xe test (12). The resuzllg.s
15/ 60 15/ 0/ 0 10/ 0, . .
5/ 55 50/ 0/ 0of the ﬁﬁ%ts (12), BégS) and (%léd applied to the_ lamlnaé;f
5/ 70 15/ 0/ care shawi Oin Table 3P0 200 22
30/45 135/ 0/0 10/ 0 320 papR00 . Exanpl e 23
55/ 20 15/ 0/ 0 10/ 0 320 a ?EZ%O 24
15/ 60 0/ 0/ 15 16+6 320— 266 - 25—
15/ 60 0/ 0/ 15 10/ 0 32&223 ‘;:;g’ﬁ“”“ent figh ealendgging
15/ 60 0/ 0/ 15b 10/ 0 Stnq Stap V) Binder 271
e pbe e | E | e :
A c/D fibrid
15/ 60 0/ 0/ 15 10/ 0 300 | 200| . /raskNOtelcey StlaRkéem
fiber A Pol Yy fsnpREILENE 4 € epss sl ajmi @80 /0 . 2/0 320 200
- 43 - Example 5 6/92 syep e|fibesg 320 Sqpl e
fiber B: Copol y[(p- phenyT eng’g, # -9a/0 0/0/0 6/0 320 200
oxydi phenyl ene [t er epht hal af ey 6/88 . 0/0/0 6/0 Staapl e if i bgyos 5
Staple fiber C e ol y- m phenyl enasiysopht haleys de¢ 10/0 320 200
ampLe 11 20/60 0/0/0 20/0 320 200
12 20/45 0/0/0 35/0 320 200
13 45/20 0/0/0 35/0 - 320 200
comparative | © 15/35 0/0/0 50/0 320 200
Exaﬁ o 7 98/0 0/0/0 0/2 320 200
P 8 6/92 0/0/0 0/2 320 200
Examole 14 15/75 0/0/0 0/10 320 200
P 15 20/45 0/0/0 0/35 320 200
:::i:;:tlve 9 45/20 0/0/0 0/50 320 200
16 15/75 0/0/0 10/0 320 200
17 15/73 2/0/0 10/0 320 200
18 15/70 5/0/0 10/0 320 200
19 15/60 15/0/0 10/0 320 200
20 5/55 20/0/0 10/0 320 200
21 5/70 15/0/0 10/0 320 200
Example 22 30/45 15/0/0 10/0 320 200
- 23 55/20 15/0/0 10/0 320 200
24 15/60 0/0/15 10/0 320 200
25 15/60 0/0/15 10/0 320 200
26 15/60 0/0/15 10/0 260 200
27 15/60 0/0/15 10/0 260 200
28 15/60 0/0/15 10/0 300 200
29 15/60 0/0/15 10/0 300 200
[Note] Staple fiber A: Poly-p-phenylene terephthalamide
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staple fibers

Staple fiber B: Copoly(p-phenylene/3,4'-

oxydiphenylene terephthalate

staple fibers

‘Staple fiber C: poly-m-phenylene isophthalamide

staple fibers

Staple fiber D: Copoly(p-phenylene/3,4'-

oxydiphenylene terephthalamide

staple fibers having an ultimate

- elongation of 8% or more

Staple fiber E: Heat-resistant organic polymer

staple fibers other than the

above-mentioned staple fibers
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- 45 - Exanpl e 30 An aromatic polyam de fiber sheet
was produced by t he same procedures as in Exanple 10 with the

fol |l ow ng exceptions. 5 The fiber sheet was prepared from

(1) 45% by wei ght of the sane aromatic pol yam de staple fibers (A as
in Exanple 4, having a fiber Fength of 3 mm and an equilibrium

noi sture content of 1.6% (2)‘703§b¥ wei ght of :

copol y(p- phenyl ene/ 3,4' - 10 oxydi phenyl ene terepht hal ani de staple fibers
(B) (trademar k: TECHNORA, nade by TEIJIN) having an i ndi vi dual
fiber thickness of 1.f5/&n#iex Jol. 50 denier), a fiber length of 3 mMm
and an equilibrium nol sture caonten . f.. 1. 8% and surface-coated with
0.5% by wei ght of tal®th AFomatigy H?.Hif%wewgil&ﬁf 5?‘98%8’&5; produced by 3
7.5% by wei ght ofhe opoley (rquieinteanels3 i4 Example AXWydiiphetphleefeollowing

t er epht hal am de)e}té édogjéﬁavi ng an equi li brium noi sture-content of
4.1% as heat-resis ARt ) organi c polyner fibrids; and 20 (4)
7.5% by weBght of a VEherfideypahdead sraspprgpared fr@§i:n bi nder which was

applied in the state f) an gHYRPYRight ofditTRE SN ardgieek RRAGiAesO! i d
content of 1% by wei ght’ by a spray nethod to _a precursqry fiber sheet
forned from Stf%ﬂ’ﬂge dRRES R Afed I%@‘@In?lﬁl)‘l raf@VARe EndiPesy ilt?é’g(t%’),
Zﬁ ?luri ng thezn*éI | Deim sy tard @%ﬁibrmwimedmﬁ.ture_ conr‘;:ent Bife _I}pg%rjcidfpal .
sheet-form ng conditipns t he fiher sheet, i S,S | e 4, an
t he propertigs of thepi]) O;O%r}syul"fealrﬁhtf iotferco?r?gé’t(pé\?aeﬁl&\t%&eg?’t%hé'

above- mentliloned oxydiphemylens cextaphthial amilflee sy.apd@ fibers (R)pre-preg was
produced by inpregnakdmgrt Ne didffora, madiIeft MHIN)NRNAY SR conposition

by the procedures as . shown in, lest (12%, and a | am_nate for, an
el ectric cHRELY uph L RRE thictess QAforh e e drleglafignier) ., a
subj ected to thesilest sldidih ¢ nandchr(dl4n ecHiA Lidstiudb moisted tconent

fsihg\évp isﬂel?b\l/v:s 5?)1; ohu%% Oarbc§/ suEf(P a@é—ecosa]ted with 0. S%Arf)yarw%rwﬂtc d¥ It)éa}_r(’gi de

15 and 0.1% by weight of osmose;

(3) 7.5% by weight of copoly(p-phenylene/3,4'-
oxydiphenylene terephthalamide) fibrids having an
equilibrium moisture-content of 4.1%, as heat-resistant
organic polymer fibrids; and

20 (4) 7.5% by weight of a water-dispersible epoxy
resin binder which was applied in the state of an aqueous
dispersion thereof having a solid content of 1% by weight
by a spray method to a precursory fiber sheet formed from
the above-mentioned fibers (1) and (2) and fibrids (3),

25 during the fiber sheet-forming procedure.

The principal sheet-forming conditions of the fiber
sheet is shown in Table 4, and the properties of the
resultant fiber sheet evaluated by the above-mentioned
tests are shown in Table 5.

30 A pre-preg was produced by impregnating the fiber
sheet with the varnish composition by the procedures as
shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and
subjected to the tests (12), (13) and (14). The test

35 results are shown in Table 5.

Example 31
An aromatic polyamide fiber sheet was produced by



- 46 - the sane procedures as in Exanple 30 with the follow ng

exceptions. A hal f anpunt by solid weight of the water-

di spersi bl e epoxy resin binder applied by the spray 5 nmet hod was
replaced by a water-dispersible phenol resin bi nder in the state of
an aqueous di spersion having a - solid content of 20% by weight (made
by SHOM KOBUNSHI ) . The principal sheet-form ng conditions of
the fi ber sheet is shown in Table 4,_apg the properties of the 10
resultant fiber sheet eval uat ed by the above-nenti oned tests are
shown in Table 5. re-preg was produced by inpregnating the
fiber sheetthf tSRMen@x uwtesc @gpdsi Exemply Blewpitbeeter €slaswing
shown in Test (123xcetdichd. anlnate for an electric 15 circuit board was
produced fromthe pre- preg]t subj.ected to the tests (12), (13) and
(14). The test fsaéﬂoémé‘h&ﬁn ﬁqq-lfab’leégbt of the wategxanpl e 32

An aromatic pol ya:niisctseﬂshﬂm][e ﬁpeﬂ_ty W iy %dln@@d' a;spaQed byhehéagsrakocedures
as in Exa e 10 e faq W n

copol y(p- gﬁenyl er@/%?% -wﬁfycﬁeﬁﬁgﬁﬁ% g @ watefeFéﬁﬁ?ﬁﬁP‘QﬁerBhPPBH gester e
repl aced by fibr ikfder in ¢dvepsitsiteg of wnoklkgyeansndtispepslipasharihigbai ds

(made by 25 K%%Y)cé?ﬁ\éln'%g o"% '20‘%“'109 GeXgha! | hﬁgepﬁgpgﬁbﬁp‘"‘ﬁ%wggp

met hod. he princi pal sheet-form’ng ns o
sheet is shown in Tabﬁ@e49r&ﬁﬁlpﬁé ﬁh@ﬁérﬁpé@lag FRaditionsy e§uthanfibeper

sheet eval uated bshddie iabetowiein @aede3d, aneths ﬁf@pé?@ﬂ@?'sfjﬁﬁ%ﬁe5

A pre-preg,yas prod regnatin sheet wi

vaPnlsh con§§5|t|o 4;3aPEYfﬁg% eg§F§§ %gaguateg hgmﬁh?naﬁﬁgF‘?ﬁzfloaﬁﬂ a

| ami nate for an dlesdisr iagce shownciinc@ablieo&r.d was produced fromthe pre-preg

and 35 subj ect ed t%.%&% ?E%bswgﬁzbroéﬁéédagg Q&é}egnggfngeéﬁe fiber

results are shown in Ta
sheet with the varnlsh comp051tlon by the procedures as

shown in Test (12), and a laminate for an electric

15 circuit board was produced from the pre-preg and
subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.

Example 32
‘ An aromatic polyamide fiber sheet was produced by

20 the same procedures as in Example 10 with the following
exceptioné.

.The copoly(p-phenylene/3,4'-oxydiphenylene
terephthalamide fibrids were replaced by fibrids
comprising a wholly aromatic polyester fibrids'(made by

25 KURARAY) having a liquid crystalline property when
method. _

The principal sheet-forming conditions of the fiber
sheet is shown in Table 4, and the properties of the
resultant fiber sheet evaluated by the above-mentioned

30 tests are shown in Table 5.

A pre-preg was produced by impregnating the fiber
sheet with the varnish composition by the procedures as
shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and

35 subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.

Example 33



- 47 - An aromatic polyam de fiber sheet was produced by

the sane procedures as in Exanple 10 with the foll ow ng excepti ons.
The copol y( p-phenyl ene/ 3, 4' - oxydi phenyl ene 5 t erepht hal am de fi brids
were replaced by poly-p-phenyl ene benzobi s-thiazole fibrids.

The principal sheet-formng conditions of the fiber sheet is shown in
Table 4, and the properties of the resul tant fiber sheet eval uated by
t he above-nentioned 10 tests are shown imsrabl e 5. A pre-preg
was produced by inpregnating the fiber sheet with the varnish
conposition by-the procedures as- shown in Test (12), and a | am nate
for an electric’ Agi eowmaticapelyamigeofidbed £heeattwWaspprogunegdaby 15

subj ected to thet%%ﬁ%%n@i%&oc@hﬁke%nﬁs(1ﬁ)ExaEB§et§§tw1th théGEHiiéwﬁﬁS

shown in Table 5. Conpar ati ve Exanpl es 10
to 13 T eXeepidRngt- Exanples 34 to 39 and Conpar ati ve

Exanpl es 10 to-13, anTm@o@@@bqungaghggeﬁbbgr4shegydmi§e£91eneproduced by

th d EX
The high Cabenderiors AR HRUARLOPe TARA AP RE =GP Laced D by S5 TO Ry Lohe

changed to as sh@wmquiﬁ&hhaa4ole fibrids. The pr|n0|pal sheet -form ng
condi tions of the f'b%%eZ%rlnc %&tsh%e%h9§gm%ﬂgTE8h8 éloﬁédo£h€h8r998é£'es

of the resul t ant et eval uat ove ment i oned
tests are shown iShepiplie shown in TableA4prénﬁr§Bema§°B?6Hh€§d°6ythe

| npregnati ng ther@éwwtant flb&heghewttavhmaataanb§htﬁanasévéLﬁenEYoﬁ@@
proceduresaﬁs 30 d alamnate for an electric

a
circuit boafd wageﬁﬁﬁdﬁﬁgﬂ Pgﬁlﬁﬁe %&e Seg and ‘subj ected to the
tests (12), (13) and @Elpre-pregt gss producedsbytimpregaabﬂngihh&abibeﬁ.

Comparat | ve Examiighel 4kl the3Barnich cohBolitlon’ ppOERE! AkbYEaEFALTLES 14

to 16, an aronatlc poly eet was pro sane
procedures as i n Sheatplia mgam ﬂHZﬂheapélaoAﬁmgnate for an eleCtrlC

circuit board was produced from the pre-preg and
15 subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.
Examples 34 to 39 and Comparative Examples 10 to 13
In each of Examples 34 to 39 and Comparative
Examples 10 to-13, an aromatic polyamide fiber sheet was
20 produced by the same procedures as in Example 10 with the
following exceptions.
The high calendering temperature and pressure of
Example 10 were changed to as shown in Table 4. ‘
The principal sheet-forming conditions of the fiber
25 sheet is shown in Tablé 4, and the properties of the
resultant fiber sheet evaluated by the above-mentioned
tests are shown in Table 5.
A pre-preg was produced by impregnating the fiber
sheet with the varnish composition by the procedures as
30 shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and
subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.
Comparative Examples 14 to 16

35 In each of Comparative Examples 14 to 16, an
aromatic polyamide fiber sheet was produced by the same
procedures as in Example 10 with the following



- 48 - exceptions. The aromatic pol yam de staple fibers
used in Exanpl € 10 were repl aced by the sanme aromatic pol yam de
fibers in Conparative Exanple 14 as in Conparative 5 Exanple 1, in
Conpar ative Exanple 15 as in Conparative Exanpl.e 2, and in
Conparative Exanple 16 as in Conpar ati ve Exanpl e 3. The
principal sheet-form ng conditions of the fiber sheet is shown in
Tabl e 4, and the properties of the 10 ‘resyggtant fiber sheet eval uated by
t he above-nenti oned tests are shown in Table 5. The fi ber
sheet of Conparative Exanple 14 was subjected to the inpurity ion
content test (6) exnceptions. equi l i brium noi sture content Test (4)-B. 15
In the test results, 0 n 6.9
ng/liter, the extract e@iapo assi u%dlp?r)iﬂ}mcie rgtat")l("‘ fci%@i &‘S\#%/sl ZIt er, the
extracted chl ori rexampile 10 wemshixenlages by thﬁglslaiﬂleerarmttlﬁe p@dmambleu um

noi sture COpf I8kt s Ve e”oHYP%{eatTlh;és ﬁmallequ %@e% mp@&wﬁ;@bl e 20
for electric insulatin 19 n“lat re-preg wa gwo duced by
i npregnati ng t he Ffywrte l%f?é:ﬁ‘lp%attﬁ‘f%@mesﬂs Grpddi 1C|° tiye

procedures as Exampleve | rankesiin (Cojparmtdve [Easmpdiee 160msainel ect ric

circuit board was. bt Fﬁm e-preg and 25 subjected to the
tests (12), (13) a 0‘95 %%EQ,J I%Jleetq results are shown in Table 5.
Exanpl es 40 and 41 The prinqgipadacthest-Heamiings camddivd ons, ofn tiveofdbes

pol yam de fétbé‘ét sfeednh@s i aclined QY doe &@%&@@%&@se%fa%hbn 30
Exanple 10 wth the fol Iovmj%qoexc tions. The fi ber sheet S

prepared fritdm resultant( §the evematied by s @€°§Fa5'|eé‘tf"ﬂ§‘§ (A
as in Exanple 1, testfgare fshmrn liangdblaf 53 nm and an equi li brium

(r:rglpglt ;E S- gﬁgaslnfang; 334lﬂ15/%xf;’3? p%eny eé-'n(é)%? Com rearté"p‘)’ﬁt ﬁéﬁaglﬁlge ls4t gﬁ‘lse fibers
(B) (trademark: TAEGHNGRPed to theydigwpusi tPEIINMNconbenty tast f(di)viagdalthiei ber
thi ckness of equilibrium moisture content Test (4)-B.

15 In the test results, the extracted sodium ion
content was 76.9 mg/liter, the extracted potassium ion
content was 5.3 mg/liter, the extracted chlorine ion
content was 11.9 mg/liter and the equilibrium moisture
content was 2.72%. Thus the fiber sheet was unsuitable

20 for electric insulating materials. '

A pre-preg was produced by impregnating the fiber
sheet with the varnish'composition by the procedures as
shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and

25 subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.

Examples 40 and 41

In each of Examples 40 and 41, an aromatic polyamide
fiber sheet was produced by the same procedures as in

30 Example 10 with the following exceptions.

The fiber sheet was prepared from:

(1) the same aromatic polyamide staple fibers (A)
as in Example 1, having a fiber length of 3 mm and an
equilibrium moisture content of 3.1%;

35 (2) copoly(p-phenylene/3,4'-oxydiphenylene
terephthalamide staple fibers (B) (trademark: TECHNORA,
made by TEIJIN) having_én individual fiber thickness of



- 49- 1.67 dtex (1.50 denier), a fiber length of 3 mmand an

equi li brium noi sture content of 1.8% and surface-coated with 0.5% by
wei ght of talc and 0.1% by wei ght of osnpse; (3)

copot y( p- phenyl ene/ 3, 4' - oxydi phenyl ene 5 t erepht hal am de) staple fibers
(D) (TECHNORA, nmde by TEIJIN) having an ultimte el ongation of

65. 7% an I ndi vi dual fiber thickness of 3.33 dtex (3.00 denier) and

a fiber length of 5 mMm - (4) " as 4%eat-resistant organic pol yner
fibrids, 10 copol y(p- phenyl ene/ 3 4 -oxydi phenyl ene terephthal am de)
fibrids (made by T J yi I|br sture content of
4.1% in the n1X|n§5prg%brt oﬁg g b kubeﬁa.?%HQP of 3 mm and 1p
princi pal sheet - fequﬂ-ngr@umdmmehsrefcbh’eelﬁtbef 158% arsdhesmirfscshoyated
Table 4, and the P@r ke 0 S t r € ted.by
t he above-nenti o%’ggg ol.5% SY &eigﬁg g %i(?nyﬁ%b 1% @f wé{‘ge}% %/2) proesep'r eg
was produced by |npreéﬁétlﬁSP?ﬁE(PrBE?nylene/%h%etoﬁﬁdlph¢R¥LQn¢nsh

conposi tionsby t htér&pﬁﬂ::ﬁdﬂ!hﬁidé? g0aple SPOWErs N(J pStTHCENORRNthatid a4y nat e
for an electric cui.t board., wa duc edfromthegore preg and

ro
subj ected to theTpggggﬁ S’?)’ln?l%? 5?15”(‘3& g3qn of 65.%%y 3% are
shown in Tabl e 5;nd1v1dua1 fibaanphick@e2s of 3.33 direxar@EI0 cldrniemmym LR
fiber sheet was gr d sanme procedures as in Exanple 41 with
the fol | owi ng 295e8 lgxgth of §Nfmpame pLOCHS staple fibers (D),
copol y(p- phenyl ene/ 3, 44J as hegkyrepherylenerganip mdlamey cﬁal)blstdaqo,l e

fibers (D)180 c(:Eba Qﬁﬂbhenyﬁ%‘?‘m’ 8%*1&%’ e el t&%ﬁm}a@%‘ th
er en

i ndi vi dual fiber _t ? g §¥ dt ex 2. deni‘er)

of 5 m and an GFPF ?e BfBfg 'B%I‘HNkzhﬁ%ng an %’r’el &y episture

The princi pal sheenténtnpfigscohdi im otise afiitivey fpdiordHions FMRKIn iish shown in
Tabl e 4, and thengggeﬁgies of the -resultant fiber sheet eval uated by

t he above-nenti one tests are shown in Table 5.
The principal sheet-forming conditions of the fiber

15 sheet is shown in Table 4, and the properties of the
resultant fiber sheet evaluated by the above-mentioned
tests are shown in Table 5.

A pre-preg was produced by impregnating the fiber

sheet with the-va;nish composition by the procedures as

20 shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and
subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.

Example 42
25 An aromatic polyamide fiber sheet was produced by
the same procedures as in Example 41 with the following
exceptions.

As the staple fibers (D), copoly(p- phenylene/3 4'-
oxydiphenylene terephthalamide) staple fibers (D)
30 (trademark: TECHNORA, made by TEIJIN) having an
individual fiber thickness of 2.44 dtex (2.2 denier), a
fiber length of 5 mm, and an ultimate elongation of 32.3%
were employed.
The principal sheet-forming conditions of the fiber
35 sheet is shown in Table 4, and the properties of the
resultant fiber sheet evaluated by the above-mentioned
tests are shown in Table 5.



- 50 - A pre-preg was produced by i.npregnating the fiber

sheet with the varnish conposition by the procedures as shown in Test
(12), and a lam nate for an electric circuit board was produced from
the pre-preg and 5 subjected to the tests (12), (13) and (14). The

t est results are-shown in Table 5. Exanpl e 43

An aromatic pol yam de fi ber sheet was produced by t he sane procedures
as in Exanple 41 with the follow ng 10 exe@ptions. As the
staple fibers (D), copoly(p-phenylene/3, 4" - oxydi phenyl ene

terepht hal am de staple fibers (trademark: - TECHNORA, made by TEIJIN)
havi ng an i ndivi dual fA lpgre-preg walsi prodsisedf bg. 3Bpdegrating drai £ibea
fiber length of Lheet %i¥R ahd JAMiLHTRLRHBLINGAN 8) oheld 8% URLEsUSEd
The principal sheet-formng conditions o Fhe. I ber ﬁee 'S Shown in
Table 4, and the S}Fﬁﬁbﬂﬂ sgf (t14d » and ar damipake fpEepnspdectsial uated by
t he abO\ée- rTen'E)i onrgitcuit bdagst ﬁza%][ QE%HQW@di Er&ﬁ\bltﬁe5prﬁ0 reg and Ahpre- preg
was produced by inpr.egnat t he f1 ber sheet w.t e"varnis
corrpositiongby tﬁe%ﬂre%c%fﬁ%gs the tests {faim i(ﬁSTeéPd( {3%) - andhg Faftnate
for an electric results rgw tshowar dnwaabpeoduced fromthe pre-preg and

subj ected to the testg.ldhe 43) and (14). The test 25 results are
shown in Table 5. canpl e 44 ' An aromatic pol yam de

fi ber sheet was produd@d aFpmatic ppiyamide fibecdehestawasnpEadupeed B¢ with

the following  the @8RDPrOReduBs as in EREmbNE BEaYiLRSLRLAPL1 PLIRRYC

pol ymer fibgids, .copol y( p- phenyl ene/ 3, 4 -oxydi phenyl ene
terephthalghide eXceptpiofs-s” (made by TEIJIN) having ar equilibrium
noi st ur e cont entsofthé. s¥apeeefibedsi (D) 66PODY (PLpRehYidye ) ght

aount of 7. glyfB?%?gﬁfﬁﬁﬁé%ﬁﬁéQEFEPQ“-%?%#@@ 8EBpL 8 oo s  prdidierhii ng
a solid content c made byelERIINY haeéngsanyindpeideakbefibenpri sing
the staple thickness of 3.33 dtex (3.0 denier) a fiéér'length of

15 5 mm and an ultimate elongation of 13.5% were used.

The principal sheet-forming conditions of the fiber
sheet is shown in Table 4, and the properties of the
resultant fiber sheet evaluated by the above-mentioned

~ tests are shown in Table 5.

20 A pre-preg was produced by imbregnating the fiber
sheet with the varnish composition by the procedures as
shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and
subjected to-the tests (12), (13) and (14). The test

25 results are shown in Table 5,

Example 44

An aromatic polyamide fiber sheet was produced by
the same procedures as in Example 41 with the following
exceptions.

30 As the heat resistant organic polymer fibrids,
copoly(p-phenylene/3,4'-oxydiphenylene terephthalamide
fibers (made by TEIJIN) having an equilibrium moisture
content of 4.1% were used in an amount of 7.5% by weight,
and a water-dispersible epoxy resin binder was applied in

35 a solid amount of 7.5% by weight in the state of an
aqueous'dispersion having'a solid content of 10% by
weight to precursory fiber sheet comprising the staple



-fibers (1), (2) and (3) and the above-nentioned fibrids. _ The
princi pal sheet-forming conditions of the fiber - sheet is shown in
Tabl e 4, and the properties of the - resultant fiber sheet eval uated
by the above-nentioned 5 tests are shown in Table 5. _ A
pre-preg was produced by inpregnating the fiber sheet with the
varni sh conposition by the procedures as shown in Test (12), and a
| am nate for an electric circuit boardwas produced fromthe
pre-preg and 10 subjected to the tests (12), (13) and (14) The test

| t h b 5. ratiy
Lﬁsgroia?rg ;ofygi%%Fg%i f% (%gizﬁﬁa(BBro g abteE meg%éoggﬁefbp5&gﬁures
as in Exanple 41 mntkn?hﬁaHRﬂHQ$Hadgsb@et f@%@épglgngdltlons of thenfpbace
of the aromatic psleegie sqicam an Iﬂ%rl% @D and the C%?ng?‘tﬁé@"%%etﬁ% the

sanme aromatic pol n1de st i bers as jin rative
havi ng a flberp yit anti¥iﬂer3sﬁﬁ9§nﬁvéﬁuéﬁﬁplPBrFGﬁ1ﬁBP§?umén§éﬁﬂedt of
6. 9% were 20 ergetoy ke shown 1n Tthe gr.i nci pal sheet-form ng conditions

f the fib hege ahl e and the properties of the
?esulfanl ?[ber sheZt e&n{u§1e% g?st °§BS§§ RganBHgggagEng Fﬁgtglﬁﬁé
shown in Tabl e 5.shEet with thg wﬁcnpsbgCWQQOpncdonedybyhenpregeatrag bbe
fiber sheetgpd J:[d"'@‘evsf\‘:r sk, Cgﬁﬂoﬁ' &rL:lfﬂQnQ¥et PgrpERCSQgEE? goar 4 was

shown in Test (12), and a | anm nate for an e
produced from t hé& ¥ &pagdywas prodyspdc£am: shenereepreg(any, (13) and
(14). The Bést 3Gubjectd ttd ahe seews i(n127able3y. and (14). ThENRELALIvVe

ed b
the Sane proceduSERE Ak %?Ls'rf 19 4EBRECRe 7ol 1owing o excepti ons
35 I n pl ace ofCampars pleapi?de staple fibers (A used
in Bxanple 42, the sapy %&%mtt ¢ peh ?fx&ﬁs £3188LCsheet whbPEESad8el by
Fbggafatlve Exanp % sam%vbgocedures as 1n Example 41 with the follow1ng
15 exceptions.

In place of the aromatic polyamide staple fibers (D)
used in Example 41, the same aromatic polyamide staple
fibers as in Comparative Example 1 having a fiber length
of 3 mm and an-equilibrium moisture content of 6.9% were

20 employed.

The principal sheet-forming conditions of the fiber
sheet is shown in Table 4, and the properties of the _
resultant fiber sheet evaluated by the above-mentioned
tests are shown in Table 5.

25 A pre-preg was produced by impregnating the fiber
sheet with the varnish composition by the procedures as
shown in Test (12), and a laminate for an electric
circuit board was produced from the pre-preg and
subjected to the tests (12), (13) and (14). The test

30 results are shown in Table 5.

Comparative Example 18

An aromatic polyamide fiber sheet was produced by
the same procedures as in Example 42 with the following
exceptions.

35 In place of the aromatic polyamide staple fibers (&)
used in Example 42, the same aromatic polyamide staple
fibers as in Comparative Example 1 having a fiber length



of 3 mm and an équilibrium noi sture content of 6.9% were enpl oyed,

and in place of the staple fibers (B) used in Exanpl e 42,

copol y( p- phenyl ene/ 3, 4' - oxydi phenyl ene t erepht hal am de staple fibers
(trademar k: TECHNORA, nmade 5 by TEIJIN) having an ultimte el ongation
of 13.5% an i ndi vidual fiber thickness of 3.33 dtex (3.0 denier) and
a fiber length of 5 mm were enpl oyed. The principa

sheet-form ng conditions of the fiber -~ s53heet is shown in Table 4, and
t he properties of the. 10 resultant fiber sheet evaluated by the
above-nenti oned tests are shown in Table 5. A pre-preg was

produced by i npre§nat mﬁgaﬂﬁeafll gepilibriumheeisviire edretemy oS COhpoeste i on
by the procedur eémﬁioged, aﬁboi\ﬁ blad€sds (drd ’s@é}glé‘ f?ﬂgf?tfb)f Yséd in

electric 15 CLrcui g roduced fromthe pre-
subj ected to theE¥a@pie 43y c?@% gﬂaquggleq¢ﬁ§¢$§noxy lPh?Q%&ﬁ%% are
shown in Tabl e 5terephthalamide staple fibers (trademark: TECHNORA, e

Tabl e 4 tions, of
cal enderi ng’ by TELIIN) haviA§'A ujc%%%% %n?of ¥ i Yer ]s:;_{%mcﬁ’il ons

and bi nder individual fiber tthEm@@$eoﬁi3uﬁIedﬁhxuk% OT edweireat Urand
Li.near a fiber length of f % b&k Swed 1 pressure
Fibri ds et rengEh © A Swerg KliSloyed. JelQ,

(kg/ cm) Ex%ﬁlerlml@@l gheery-foyming congitipns o iber
200 sheet is sh&in i1&/7&b1&/H/ and .tHe Properdiks of the200

32 15/75 /0/0 320 0 . 33

15/ 75 0/0]7 16?6&9{:Qnt3§bber sheet-zo?)vaz](.)uated by the above-merg:&orﬁg 75
0/0/0 10/0 teg#4§ are sho@(Oin Table 5. 35 15/75 - 0/0/0
350 00 RPre-preg was proguced by Sfhrglatipg e i D

200 - sheet with ge vaymyish grgreesitigym by the3pyocedures) zp

39 15/75 0/ 0/Oshowf/ On Test3gf2), and £4hminate for PXAANe 10

15/75 0/ 01/50 lgé.(r)cult bg'a8rd was prozc?uced from the pre-preg and

subjected to the tests (12), (13) and (14). The test
results are shown in Table 5.



Exanple - 11 15/75 0/0/0 10/ 0 430 200

12 15/<5 0/0/0 10/ 0 320 120 13
15/75 0/0/0 10/ 0 320 300 14 15/75
0/0/0 10/ 0 320 200 15 15/75 0/0/0
10/ 0 320 200 ' 16 15/75 0/0/0 10/ 0
320 200 Exanpl e 40 5/70 0/15/0 10/ 0 320
200 41 30/45 0/15/05310/0 320 _ 200
42 55/20 0/15/0 10/0 320 200 43
30/45 0/15/0 10/0 320 200 144 30/ 45
0/15/0 7.5/7.5 320 200 Tab¢6nﬁarative 17 30/45 0/15/0
10/ 0 320 200 : Fxanpl e - ‘18 55/20 0/15/0 10/0
320 200 TtRpRE)ingG proportions oSt p| Higl isef endaring
POl y_ p_ phenyl ene te ep hal am de componen Staple ibers conditions St apl e
fibers St ap fiber§§§;5£§§§o"(p phemyflene/ 34"
X . ple aplé' [PBind Témperature| L
oxydi phenyl ene terepht hal amde |eipers [fFibers §§§ e
fibers 10 Staple frgerfs C.  Hol y- mghepylegne i sopht Hal ant de
staple fibers Example NSI aPlle hider|scB/e |GarehY(|p- pheay! e”e/(l?q/émi
oxydi phenyl ene t er efexalipleam d¢3o| 15/70 | 0/0/0 [7.5/7.5 320 Sdoapl €
fibers having an ultimate 15 |31 15/70 | 0/0/0 |7.5/7.5 320 el gngaddoon [of 8%
or nore Stapl e fidxr 4s5FIS |He@/orjesiggoarit or3gani c |pol2ower
staple fibers diffefent from {¥¥ 15/75 | 0/0/0 | 1039 - sxapl e |fi @owos A, B,
C and D 34| 15/75 | 0/0/0 | 10/0 240 200
35| 15/75 | 0/0/0 | 10/0 ' 280 200
36| 15/75 | 0/0/0 | 10/0 350 200
37| 15/75 | o/0/0 | 10/0 380 200
38| 15/75 | 0/0/0 | 10/0 320 170
39| 1s5/7s | 0/0/0 | 10/0 320 240
Comparative [10]| 15/75 | 0/0/0 10/0 180 200
Example 11| 1s8/75 | 0/0/0 10/0 430 200
12| 1s/75 | 0/0/0 | 10/0 320 120
13| 1s5/75 | 0/0/0 | 10/0 320 300
14| 15/75 | 0/0/0 | 10/0 320 200
15| 15/75 | 0/0/0 | 10/0 320 200
16| 15/75 | 0/0/0 | 10/0 320 200
Example 40 5/70 {0/15/0| 10/0 320 200
41| 30/45 |0/15/0| 10/0 320 200
42| s55/20 |o/15/0| 10/0 320 200
43| 30/45 |0/15/0| 10/0 320 200
44| 30/45 [0/15/0|7.5/7.5 320 200
Comparative |17 30/45 |0/15/0 10/0 320 200
Example 18| ss5/20 |[0/15/0| 10/0 320 200
[Note]
5 Staple fibers A: Poly-p-phenylene terephthalamide

staple fibers
Staple fibers B: Copoly(p-phenylene/3,4'-
oxydiphenylene terephthalamide
staple fibers
10 Staple fibers C: Poly-m-phenylene isophthalamide
staple fibers
Staple fibers D: Copoiy(p—phenylene/3,4'—
oxydiphenylene terephthalamide
staple fibers having an ultimate
15 elongation of 8% or more
Staple fibers E: Heat resistant organic polymer
staple fibers different from the
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staple fibers A, B, C and D
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sizes determned froma

intensity curve in
satisfying the

(1)

-

i~

conprising wholly aromati c pol yam de
the crystal

CLAI M5
crystal

[err]

G STJBL




Is 7.5 nm (75 angstromsm ' (2) the crystal

(57 tRe product. (% ot INMUMMMIENR ™ ** 752" Cand R i S0

size (B) is 61.50 to 630. 00,° aV|ng a
thermal |inear expansion 15 coeff|C|ent_mﬁt FﬂﬂB@$1§ﬁHK§ 2] m-1.0 x
10[err]/[err]Cto -7.5 x 10[err]/C EPLAGED ol ly

aronatlc polyan1de fi bers as clained = %°n e whol ly

gdn crystals satisfy the reqwrerrents (1), (2) and
(3 (1) the crystal sizgayg in the (110) plane is
(2) the‘CTYSTaI size (B) in the (200)

ni-or WBpélyapgomatic polyamide fibensthe product (A x

B) 'S 85 00 to 630 00, 25 andomprising wholly aromati®ep&PPihigent of
the linear thernal 8?' ansion of the

orrat%e%goli/ n&de fiber
i s wi t hi n ERESEaL§enBFIREoAPPATERY 3§¥%F?¥/%??%§ rined from a
10[err]/[er$]C. wide angle X3ray dhefmhotignaiwtehsitpotyewe denfibers as
clai ned 30 L, r hayi t he | St : . . 4
The whol |y aromatta ?cg%%ﬁggn gt ééirlggggrc%] é%g%tﬂﬁ Qﬁc){ saFlerﬁ”lng the 3,
wher ei n, when théeﬂﬁérﬁveaténﬁiﬂe (2) angof Fhhi de flbers in an anDunt of 2¢g

are cut into a short | enggh oftgenai-ggtégs&z@rg) niersed1ie 591 die of
a 35 distilled t gare Aeat treated in an autocl ave at

-57- a terfpe P’@ 612 128FBFFPRS UnBer™XEDr essure of 2 kg/cnferr] G,
to exar act inpurlty ions {2pm the érpets] abget @) ektiract{2e0) plane

i mpurity ion-contai g | | ed t I analysis and to a
chr omat ogr aphi c é%a?ygl Islwazgge%ﬁ %H‘ﬁéﬁgg 8': lﬁ%?ea%%%t of the extracted

i npurity sodi um potassium (3andthél prodect os ped) ot eghedfciyetal
extracted inpuri i on-contai ni ng water, the, extracted |n§>ur|ty i ons
satisfy thélFéq&P?eﬁBﬂtEh?afryﬁBglaﬁﬁz?c B) is 61.50 to 6

amount of the extracted sodiumions having a thermal linear expansmn

15 coefficient within the range of from -1.0 x 107%/°C to

-7.5 x 107¢/°C.

2. The wholly aromatic polyamide fibers as claimed
in claim 1, wherein the wholly aromatic polyamide
crystals satisfy the requirements (1), (2) and (3):

20 (1) the crystal size (A) in the (110) plane is
10.0 nm or more, .
(2) the crystal size (B) in the (200) plane is
85 nm or more, and -
(3) the product (A x B) is 85.00 to 630.00,
25 and
the coefficient of the linear thermal
expansion of the wholly aromatic polyamide fiber is

within the range of from -1.0 x 107°/°C to -6.5 x 107°/°C.

3. The wholly aromatic polyamide fibers as claimed
30 in claim 1 or 2, having a thermal history.
4. The wholly aromatic polyamide fibers as claimed

in claim 1, 2 or 3, wherein, when the wholly aromatic
polyamide fibers in an amount of 2g are cut into a short
length of 1 mm or less, are immersed in 50 ml of a

35 distilled water, and are heat-treated in an autoclave at



10 not nore than 40 ng/liter, (b) _the anount of the
extracted potassiumions Is not nore than 3.0 ng/Ti

(c) the anpunt of the extracted chlorine ions -iiu ’ 7.5
ng/liter. 15 5. The wholly aromatic pol yam d ,’mmﬂﬂm E,’ d
g

in any of clains 1 to 4, having been-subjected to a, * ¢watem

treat nent. 6. The wholly aromatic polyam de fibers as clained
in any of claims 1 to 5, exhibiting an ul t+ rit e- 20 el ongati on.of 3.2% or
| ess. 7. The wholly aromatic polyam de fibers as clained

I n any of clains 1. to 6, having a sggcific gravity of 1.447 or nore
and an equi | i bri mtfIPErEtareoRfedtlof 9ndeF a pregpuresef 25kg/cm’G, t®

Themxholly aLonahhﬁfp@kyambdeitybebﬁsaifﬁhahgﬁdfibers,iﬁnanﬂﬂéfef£§é8§e& to

7, erein the .aronmati . _.polyam de.is ol y- p- phenyl ene

terephthalamde\.mqg\pd}h%.y longgonﬁaﬁﬂéﬁpy ﬁg%ﬁaf§cs€859%%?ge€?i%e?cgheet

conprising, as pﬁﬂﬁdW§&B @Oﬁp@nentshrématoggsphbq apalpsisSOto detemhbhéy

aromatic posyam g@eshapuatl bBetfe @Qgr§c£8d493%urit $3d¥@$g. oPhs 8t uheast

one nenber sel ected fromthe group . consi tlngyo orgahit Fesin

bi nders and heat #PgsCiteiene lonsqpganlitey| 9hekhe|extuacted impurity

aﬁli Fll whol |y arorrab:necpnuamidg efhagke 8he eﬁlcf.f@@gédCQﬂ[B@i-ﬂ%ﬁg:iLém §€€f§f'%c
olly aromatic yam i, bers clainmed in any of clains to

in the form of e ggbggFSmeﬁgréé?’ (BY &nd' (57 10. The whol Iy

aromatic polyam de fiber sle¢t tbBe amount| af ntbeiexttadted,sodiumi ohdeis

whol 'y aropgtic pgkYaBke€+han 4Osﬁﬁp?§t££bers conprise-.4 to 100% by wei ght
ht ha

of poly-p- phenyl ene tere amdé fibers in the formof staple 5
fibers. 11. Théb\)\hogh? areHAti ef pohg exteactedrpetresium ions
claimed in clai mi&Onoehabeenthag ar@nﬁgni@@waﬂ&e staple fibers
conpr.i se: to_50

. ? /6€y ¥e| ht of at | east. one nmepber 10
selected fromthe group coh§?stFRG BFOWREa yE@ea?%ﬁﬁﬁqE?d chlomifig JiRrnfe

stapl e fibers andspnbgpmoreohbénc? pdl yg/iiteer.

15 5. The wholly aromatic polyamide fibers as claimed
in any of claims 1 to 4, having been subjected to a
water-washing treatment. |

6. The wholly aromatic polyamide fibers as claimed
in any of claims 1 to 5, exhibiting an ultimate

20 elongation of 3.2% or less.

7. The wholly aromatic polyamide fibers as claimed
in any of claims 1 to 6, having a specific gravity of
1.447 or more and an equilibrium moisture content of 3.2%
or less.

25 8. The wholly aromatic polyamide fibers as claimed
in any of claims 1 to 7, wherein the wholly aromatic
polyamide is a poly-p-phenylene terephthalamide.

9. A wholly aromatic polyamide fiber sheet

. comprising, as principal components, 60 to 96% by weight

30 of wholly aromatic polyamide staple fibers, and 4 to 40%
by weight of at least one member selected from the group
consisting of organic resin binders and heat-resistant
organic polymer fibrids,

said wholly aromatic polyamide staple

35 fibers containing the specific wholly aromatic polyamide
fibers as claimed in any of claims 1 to 8 in the form of
staple fibers.



; .staple fibers having an ultinmate el ongation of 6%or nore:—ane-

50 t0 97% by weight—ef the poly-p- 15 phenlyl enegﬂig 8 tﬁapgl ani qe st apl e
fi ' 2. The wholly aromatic pol yam - -

cl gmm"l“ll"z"lm’mr wherein the wholly aromatic W]I l' ﬂ"’ﬁmﬁr@fﬂapl e
fibersccompreses 3 to 30% by . Iast one
menber 20 sel ected fromthe groups consisting of neta-type aronatic

pol yam de staple fibers and para-type aromat P8 pol yani de stapl e
fibers having an ultinmate el ongation of 6% or nor e,

4 to 70% by wei ght of e - P- nyl ene .25 t er epht | ani d stapl e
fibers; and _ 16 -Flﬂkg %@& b@r%ﬁtg]hci RGLY eo&al(?(ﬁfol \eft as
phenyl ene/ 3, 4' - oxghr PredylRrelair ehhiwhe zatindehet agicd 1y aronfattier polyamide
13. The wholly aropmbiée ppg,é/lagn&g%;ﬁtgg 45}1%3'[103)% :’bg, %ei?-h% nRd |o|1|¥c_lpq| m 12,
wherein the copol -éﬁfeng/l ene/ 3, 4" - ) oxydi phényl ere tereﬁ’ht al~am de
staple fibers havéh Vo teregmag]&ﬂ@%m J{f’a}ékes fioxm @ gtaple
cation-exchangi ngfibers. property and a noni on-absor bi nngroperty agg fi #ﬁd
to the peri pher surf.ac frdhe staple fibers. . _ . e
whol |y aromatic pol ya?nhd'e fflkgeesﬁ‘s(?(?nlelé’t afpmacic pcﬂlé'lar%diéﬁ_ Eflaeg. FheetoRs12,
wherein the met a-¢}gined ohmtdlaim 10, pdlermiindehst apomaftiilee po 1gamisel ect ed

frompoly-m taple fib d;,tyaﬂ)géa.ne i sopht hal ami de stapl e fibers. .
15. The whol |y ar%n%%iec ploleyrasrricde fiber sheet as clainmed in claim1l

or 12, wherein the para-type arocit@ $0% by wedightniode ast 3RSt ober siehbeirng
an ul ti mat @0el ongsdlevtef from tié (Urdgﬁf Q:loii{sQ.sfc@n%CE?ﬂ m}ce'i:(amctl:ypet arlomatic
copol y- p- phenyl e oxydi, pheny e terep al am dé st apl.e

fi Eer Z PP rl%l%'ba.‘}“lﬂ]ee s\/ﬁﬁﬁlley-%bpc?ﬁﬁ iatf‘%g&')}"gﬁedérﬁ“ﬁ&lcs RO&Y ag%lde _
claimed in clai mstiapke Ribetteet@ivinghampald-imate alomatitdon of 8gobyan de
stapl.e fibers haydgp.apytimte el ongation of 10 6%or nore are sel ected

from copol y- p- phenyl €ne/ 3, 4[ err] - oxydi phenyl ene t erepht hal am de
staple fibers to the peri pifelt® 99 P¥cweightweifckhei polyap-c conpound

particles havi ng pherftlete eerephdihad apiickesthpaed faHaes-,

12. The wholly aromatic polyamide fiber sheet as
claimed in claim 10, wherein the wholly aromatic
polyamide staple fibers comprise:

"3 to 30% by weight of at least one member
20 selected from the groups consisting of meta-type aromatic
polyamide staple fibers and para-type aromatic polyamide
staple fibers having an ultimate elongation of 8% or
more, _
4 to 70% by weight of the poly-p-phenylene
25 terephthalamide staple fibers; and
93% by weight or less of copoly-p-
phenylene/3,4'-oxydiphenylene terephthalamide staple
fibers. |

13. The wholly aromatic polyamide fiber sheet as

30 claimed in claim 12, wherein the copoly-p-phenylene/3,4'-
oxydiphenylene terephthalamide staple fibers have solid
inorganic compound layers having a cation-exchanging
property and a nonion-absorbing property and fixed to the
peripheral surfaces of the staple fibers.

35 14. The wholly aromatic polyamide fiber sheet as
claimed in claim 11 or 12, wherein the meta-type aromatic
polyamide staple fibers are selected from poly-m-



| on- absor bing property are fixed. 15 17. The wholly aromatic

poJ—-y&dee—*f—r—ber—s‘h—eFt—as clainmed in any of]J' alkms—9 to 16, further
addition to the aromatic po yam de stapl e flbers
rgm aﬂ lmmnum staple fibers. 18.Th% tic
er sheet as 20 clainmed in any of cl ﬂ further
corrpr|S| ng, |n addition to the aromatic poly " bers,
whol | 'y aromatic pol yester staple fibhess exhibiting a liquid
crystalline property when nelted. 19. The wholly aromatic
pol yanm de fiber sheet as 25 claimed in any of clains 9 to 16, further

conprising, in Phenyheaetispphvhahenidenstarleofikernsle staple fibers,

pol yphenyl enesul fi de §§ap|@hé'§ﬁ6§ly aromatlc péi&aﬂiﬁ%‘@lﬂéﬁ/éHéHEud§:
pol yani de fiber s eet aimed |n a}}t/eof clainms 9 to 16, further

conprising, in 36 aim gd?"t‘l%%a%’& Fheonr WmtThe TRy Shei Pataniidpe iarauatic
pol yet heri m de spapyamidbesBaple fibers haidind hen Wit inatey GlRdnatiady e de

fi ber sheet; as n ctai e 9 t further f 1 sing,
in ac?dl ti o%%tgrt%élkg‘ra%ﬁ%t?%fgc? 3 hgoe s‘f%%‘?%’fp'ffer%esny]ﬁfe 'n;p -
pol yet her - et her kexpAépheapleng | b@r@phthalamlde stplahfibendd y aromatic

gg%fp‘sfﬁgfi ber sheet;8s rhe wkbElyeLrdiail ﬂlféﬂ&@ff}%ﬂ& Ihedwirddrer
pol y-tetrafl uor obtAiPeReini Ghrimilbeps. 12, wherein the paRAHRG \BPRAWAEHS C

pol yam de fiber pbkgimide staplé! fib@fs iHawing oin alliifatd el otiya il &M

t he organi resi n_bi nder c rls s an 0X reS| avin east one
5 functlfoonal %Bo?fl % Bﬁpaf)%r ’f%rcgo élly PP enyle’%ﬁ’l‘%e whol |y

aromati ¢ pol yam dxyfipeenghere ‘asrephthabamdmdstaplam;f:dienﬂ diarel®e to 22,
wherein the Orgaﬁéh?hexalr@éff‘aé’ééld@f IR | S Slper si on

conpri sing east one. nenber sel ect ed from t he group consi sting of
10 epoxy reS|H’S‘rtbﬁ%ﬂﬁlh?ﬁ%lﬂ&@%?ﬁ%n%%rﬁwerty and a non-
for mal dehyde resiof~absdrbln@rprEpSORY ade NEL ¥RS) NS. - 25. The

to 24  wherbin the hebls e heliE aftnarin el Bt T et

selected fromthelaimed in any of claims 9 to 16, further comprising, in
addition to the aromatic polyamide staple fibers,
heterocyclic polymer staple fibers.

18. The wholly aromatic polyamide fiber sheet as

20 claimed in any of claims 9 to 16, further comprising, in
addition to the aromatic polyamide staple fibers, wholly
aromatic polyester staple fibers exhibiting a liquid
crystalline property when melted. |

19. The wholly aromatic polyamide fiber sheet as

25 claimed in any of claims 9 to 16, further comprising, in
addition to the aromatic polyamide staple fibers,
polyphenylenesulfide staple fibers.

20. The wholly aromatic polyamide fiber sheet as
claimed in any of claims 9 to 16, further comprising, in

30 addition to the aromatic polyamide staple fibers,
polyetherimide staple fibers.

21. The whdlly aromatic polyamide fiber sheet as
claimed in any of claims 9 to 16, further comprising, in
addition to the aromatic polyamide staple fibers,

35 polyether-etherketone staple fibers.

22. The wholly aromatic polyamide fiber sheet as

claimed in any of claims 9 to 16, further comprising



15 group consisting of poly-p-phenyl ene terephthalam de fibrids
and copol y- p- phenyl ene/ 3, 4' - oxydi phenyl ene t er epht hal am +ori-ds.

'26. Thé wholly aromatic polyam de fiber sheet as aﬂ,ﬂ'g | - Of
clais 9 to 24, wherein the heat 20 resi stant org Hﬂlﬂﬁ"ldes
Ibl‘l S.s *

are selected from pol y- m phenyl ene i so- pht hal ani de
27. The wholly aromatic pol yam de fiber sheet as clainmed in any of
clainms 9 to 24, wherein the heat-. resiedant organi c polymer fibrids
are selected from 25 whol |y aromatic polyester fibrids exhibiting a
liquid . crystalline property when nelted. ) 28. The whol ly

- aromatic pol yam ®@¥d&tafdsrorgethylenesiiapdg £AbaAg-of claims 9 to 24,
wherein the heat - 23 . esih adholQRdaicmaRdley PRl yhindtiedg igee sakaetgd from

ol yan de 11 ber ShARen 2 GF claing, iy g2 rcFRRTELS CHE BTSRRI o
maxi num change resirn rbiifter eogipridiesalandieperyi @esih haviag bt 0eakessnper
ldleg}[’IQI onal scﬁ;n%@iﬁiﬁrg{go&&g #)éu%g%% 3#8%? grb{gfot@ﬁ%ﬁ];g%'% and
desorption of the shed4- t[fe #hoddy eromatie phdyamide fihevi sheet| eagth

of 20 mm and a Wicidind I0MAnyS dfefllaims 9 to 22, wherein the organic
- 61 - st andi Qg in the amhi ent atnosphere at roomtenperature at

a rel ative huni di%SF¥ HCGMPIgSES: 6P PIYeRYSr digpersion cRPPEisdng) | ow
the sheet to ful lat deseth one miember skdected froh ther grabpoecbadishenly of
sanple is bj ect ]%/%q INg 5 t rature. 28Qfert] C at a -
heat i ng ratig of fg%e)&r)] mtnnsdt gfh%nogi for&ﬁ%ﬁ%gd%ogﬁgﬁgfsfom?%grrlr‘]lbgnperature
at a cool i ng rat &ymaldehyde] gesinsg mndufdupsideycohbashdny sesphe. the

above- ment i oned - 25heainneg «hed 1§0arbRa tREOp8dYaRS B ERBeLERRAEE DL N €
tinmes in taqtal eﬁinder t he amé conditiong asS pentioned above; 10
and a maxi mum chfﬁ‘@e‘“\ e 3§t GdPAES di kenéfonWBRrepR the heagneet

sanpl e gener at ed réisiistgrithergendat edliymati fgbaides are sedattsg promegHees

The whol |y 31 oma LS o P IRLES 1%, 8f BRI, Pabhaay EngPESEBRnthalamide ol aims

9 to 29, having &£ iarisis) @and copoly-p-phenylene/3,4'-oxydiphenylene _
terephthalamide fibrids.

26. The wholly aromatic polyamide fiber sheet as
claimed in any-of claims 9 to 24, wherein the heat

20 resistant organic polymer fibrides are selected from
poly-m-phenylene iso-phthalamide fibrids.

27. The wholly aromatic polyamide fiber sheet as
claimed in any of claims 9 to 24, wherein the heat-
resistant organic polymer fibrids are selected from

25 wholly aromatic polyester fibrids exhibiting a liquid
crystalline property when melted. '

28. The wholly aromatic polyamide fiber sheet as
claimed in any of claims 9 to 24, wherein the heat-
resistant organic polymer fibrids are selected from

30 heterocyclic polymer fibrids.
29. The wholly aromatic polyamide fiber sheet as
" claimed in any of claims 9 to 28, having a maximum change

in the longitudinal dimension of 50 um or less per length

of 20 mm, determined by such a test method for

35 dimensional change of a sheet due to moisture-absorption
and desorption of the sheet, that a sample of the sheet
having a length of 20 mm and a width of 5 mm .is left



strength of 1.7 kg/15 nmmor nore and an' I nterl am nar. peeling strength

of 13g/4d5 nmor nore each in the | ongi tudi nal and transverse

direct fons of the sheet. 31. The whol ly arwumm,ﬂﬂw ﬂ“l ber
sheet as 20 clainmed in any of claims 9 to 30, havi

nmoi sture content of 2.7%or |ess. 32. The Iy aeraflc

pol yam de fi ber sheet as claimed in any of clains 9 to 31, wherein
the staple fibers have a fiber length ef 1.0 to 10 mm 25 33.
A nmet hod of producing a wholly aromatic pol yam de fi ber sheet

cont ai ni ng the whol | y aronmatic pol yam de fibers as clainmed in any of

clains 1 to 8 in Standinqely gl Gmbsien)t @ tmasahersomir iroomg teppepature at
aqueous staple fijpereBdtivey Mniﬂﬁﬁﬁrogﬂ £t amﬁ%tﬁ (ino'%% £orPahYamodesSLar! e

fi bers containing the above- mant whaql |y aromati ¢ pol yam de

fibers in the forfo? Q4 the sf%?féﬁ' §°arfd|‘]14é(atabrsé’§|bsf“8|3r§tb‘|r§ant@e
pol ymer fibrids imoasture- absmﬂm1ﬂ$lfwh lﬁﬁm};ﬂ.lébjl%c@ulbgeb"&éda%@eﬂké&t%h@plt%

fiber sslurr r ced th sul tant “35
wet paper-|i ke sh%e’%&nﬁee ressmrE he é‘é‘tgy 5 of 10 E&mbBrLLur e
of 210 to 400[err1}1@fuﬂ'd%rc%9111mgaa10 mcemsmeslp@ﬁ:ature at5@ too2if@gkgatm offo

partial soften, OIOqﬁﬁﬁlﬁUté“ﬁéfﬂk the sheet sample, tPe abo e-me thﬁed

- 62 - nelt the heat -reS|stant or gani c
the dried sheet Qheoa C@dﬁg RF QS ULy PGéntgorséeated thsReeimes
each other and tain Hsotm]ormtdeo: ptley ande cohdihkeons as fnbﬁ%&&ned5above°

34. A preqpre r ti.c | yam de er sheet

cl ai rredpl n gnygo a% rﬁrﬁse{}glwf% rr% i %eygl%lﬁﬁf‘ 8168Ily3f’ﬁ“8851"f’8e?%sﬁ8§t
bei ng i npregnat ecﬁhﬂqth spmple getdeefiarmsbtdiuu:nggr édenrepeated heatlhg Andhaped
article prOdUCEKiébbfﬂﬁﬁﬂﬂﬂbdﬂaﬁﬂ@%aﬁs %@asur@ﬁe§§kn90tﬂﬁ géogﬁglc pol yam de

fi ber sheet-cont n| n; sk pre-preg as claine
36. A laminate pl YsHiedd FeRsEed -ar omat i ¢ pol yani de fi ber

sheet - cont ai ni ng pre [Bleg TheChdold§ atomatic pbayBhBde #Pber sheet3ds A
perforated, §hap64ﬂ%ﬁ§E%L%np%%gu%%dcqélms 9 tBeﬁgorEEbQ tgetggggfd article

as clainmed rn clarm
strength of 1.7 kg/15 mm or more and an interlaminar

peeling strength of 13g/15 mm or more each in the
longitudinal and transverse directions of the sheet.

31. The wholly aromatic polyamide fiber sheet as

20 claimed in any of claims 9 to 30, having an equilibrium
moisture content of 2.7% or less.

32. The wholly aromatic polyamide fiber sheet as
claimed in any of claims 9 to 31, wherein the staple
fibers have a fiber length of 1.0 to 10 mm.

25 33. A method of producing a wholly aromatic
polyamide fiber sheet containing the wholly aromatic
polyamide fibers as claimed in any of claims 1 to 8 in
the form of staple fiber, comprising; preparing an
aqueous staple fiber slurry by dispersing aromatic

30 polyamide staple fibers containing the above-mentioned
wholly aromatic polyamide fibers in the form of staple
fibers and heat resistant organic polymer fibrids in an
aqueous medium; subjecting the aqueous staple fiber
slurry to a paper-forming procedure; drying the resultant

35 wet paper-like sheet; heat-pressing the dried sheet at a
temperature of 210 to 400°C under a linear pressure of
150 to 250 kg/cm, to paftial soften, or melt or soften



a |laser-perforation nethod.

produced by
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a |l aser-perforation nethod.
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38. A perforated |anmnate Maie
perforating the laminate plate as clained in clai

R

~
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and melt the heat-resistant organic polymer fibrids in
the dried sheet and thereby to causing the fibrids to be
bonded to each other and to the aromatic polyamide staple
fibers.

34. A pre-preg comprising the aromatic polyamide
fiber sheet as claimed in any of claims 9 to 32, the
aromatic polyamide fiber sheet being impregnated with a
thermosetting resin.

35. A shaped article produced by shaping and heat-
pressing the aromatic polyamide fiber sheet-containing
pre-preg as claimed in claim 34.

36. A laminate plate produced from the aromatic
polyamide fiber sheet-containing pre-preg as claimed in
claim 34.

37. A perforated shaped article produced by
perforating the shaped article as claimed in claim 35'by
a laser-perforation method. ' _

38. A perforated laminate plate produced by

~ perforating the laminate plate as claimed in claim 36 by

a laser-perforation method.



