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TN, TNP- P845 WHOLLY AROVATI C POLYAM DE FI BERS AND
PRODUCTI ON PROCESS OF SAME BACKGROUND OF THE
INVENTION. 5 1. Field of the Invention The present
invention relates to wholly aromatic polyam de fTHeF8P-P845
containing a layer-structureddlay mneral, and a
production process thereof. Mre particularly, t he
present | nveny8nryChabaarie BORLANIL ALGRRLI Sup
pol yam de fib = cla
m neral and havi ngPRAPPEVEANnBBAEREEaPE SAME
characteristics, particularly toughness, and a
production process thereof. 2. Description of the

Rel ated Art 15 CorAG&RIIND iGft Qs (INVENTHE®N f ocused
onithe piaparbiengnef thi,ghradded val ue to pol yners and
enhancenent of their performance in recent Years
ConpoundNfePEEP&Rs iBHEALHRE B§lebAfalni WEChlYi fremathe

a pehyrmidbayepbeenconehinehy deyglepedtiOcendes EPay
nﬁart h gh_added val.ue 20 and hi gerfornance to
po a

yhEF&: 'Iﬁn heé BLRSfUCEiBRORECCBFSabRREREF - filPEFS
haparbeenlaseg aSheepﬂéeéﬁtngnﬁehtE6ﬁ réDﬁtéhet@UﬁEOSBy

h { t 4
°L o ORREYL 0o\ DErTRE EOkERS GERRMTSLEE 3L ente PEB e
potyavrmMHEEaRahsdahevmnprmmpdovadtmeuhanicas tensile
t t
S gﬁﬁg%ga?gg%g#g%éFBa?£g§Fi§kignagsgghQQS,Sghgng Broductlon
ch@F@@?éﬁl§h¢€§O§s well as in terns of various other

propertbhescsuphian b@pEH¥eﬂeY@£QanQrtmﬁar re3|stance
surface_hardness, _heat resistance and

res.staﬂE%SléerFB&@véPtetﬁétst?énﬁtﬁn ?Oﬁué%ﬁp@%nahe

maiephatihg oknnm@htada@dgﬁ@aﬁéyt@fﬁ@;yﬁgrﬁoan@néﬂhgwcement
the s% e th Q t he Eol ner se V|n% as the matri x of
N CBAEOUNAC T FRFBATEF 48 BEFPRAYPRES ot ronBRAIR] BRETials
fibbeainedebf, cobtitinling byfihkeinier asel pdéeshane been

be ng_3 | yper n the aI|t of

Cne e EPe LD pEy b LEbeR En s RELI T 4nBREe MFoll B0 Farue
ef@@@thh@h @ﬁtiogmaﬂﬁ@ éaseolmmep$oduEM|bh$ Mm$talsnbrous
Onofh§c§&u§§9tBl@ieEthng'ﬁQ@g RELQugs - rgpﬁféféfﬁgsflllers

such as these, it is not al
for the purpose of 1mprov1ng the mechanical

characteristics and heat resistance of polymers and, as a
result, known polymer materials are improved in terms of -
tensile strength, modulus of elasticity, bending
strength, thermal dimensional stability and creep
characteristics as well as in terms of various other
properties such as improved warping, wear resistance,
surface hardness, heat resistance and impact resistance.
_However, the strength of a compound material is
known to be greatly affected not only by the strength of
the polymer serving as the matrix of the compound
material as well as the strength of the filler itself,
but alsc by the interface adhesion between the filler and
polymer, and the quality of the wettability of the
polymer to the filler has an effect not only on the ease

of production, but also on the strength of the finished
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. possible to obtain a conpound material having

superior strength even if a filler or polyner having
high strength and elasticity is used for the material.
5. Moreover, conpound materials containing a filler

are generally known to have _t he di sadvant age of | ow
ultimate elongation. On the other hand, in the
producti on process of wholly aromatic poI am de

fi BEPSUFte bECFefBRFEHSt BUGS a&ota?aﬁvleuaérgyt PHYAYS

| spasdepiEerboohbukt Rep bﬁﬁp@ﬁﬁdpm9€@§§a§tﬁawhhbys@@@rlor
quality revention of filanment Dbreaka

geREFENITR £YGHhAésS FALLBF ?#Fyoigmerygﬁaépsyh&ﬁawﬁtrength

t oahe é§§§t@§l@yp@éaﬁﬁb§rfB@rt§¥ahé&Ekmgl i ndustria

aram d fibers. Toughness fac éiF IS rﬁgres%ngﬁd

by the PEEEEETof COBREFNE BF %ﬁ@ ?O?tﬁénl auréd*®r are

inganétslmy ghaﬁﬁldenEEVeaﬂHetHﬁssduahEageobfoﬂow ultimate -

elongatlon (%9 (TF =T x E1/2). In the case

|B§F% Raving a high toughness factor, the anount

of t he Oh|bbesoth&alheddonlnhéhdrandeCKQbh pmoclkess of

dr S_ r €1, .a

raibPdvy drBhataes polyohite, £pHEE] REBoREBERY ro as
reéU@@édrésbﬁﬁﬁhg ﬁherﬁnbﬁoeeﬁﬁﬁ@r@ft§t§B¢¢hﬁy amprREe

dr 8ybBa B 968831309 L bﬂereus@lgyakpkgvgﬁtaaﬁ 695 #tafign:
er threads known exanp EIOC €Sss

fobr?ﬁﬁaa@ﬂng IESG?PBéﬁlneéhéﬁPﬁﬁpe§?réﬁ&?ﬁrlﬁ IES

Inﬁpgybamlyh@néaﬁrea ok agean&gtaOpa@Embtberiobyevaluatlng
I‘WIn |ntecaseo usi ng

o EPRBE e Par e aRa R S bR T gt e aneacronn (k) is

I| mpepyepent etiehsi kaespredgth, offt teheddres tadehbitbwul(C 'foas

produce filaments hayicn g S or
[reHatpa: B b Sy lpedy pRUTIAET SR koot o
|aMEE1&htquﬂb®@atham nkmenak was'pxopbSed tani mpeovese of

t he,, mechani cal pr ties and di i_gnal stablll y

of LA BBF S ARAdS i BePaops 409 ARSRRS 6 SO Ram HEd SPRLEr OF the

35bebrbcaemannNdsonH®h31564w1H4 209882 namdicHelr3818).
p?%@é sthesenang al! ?EQSFEd thtg%r%DE%%%E%C filament

the use o er-structure
n1hé?akagérlﬁoﬁhﬁhéﬁﬁ@é¢a§gl@1%9F§aﬁﬁdéedpﬁeﬂhéeﬁéﬂ%lng in

mﬁebbémea&O%&t@%a@qhxagle% theepsawisgnptrodiesel ased
1&p$g$ed guality of the resulting fiber threads.

Although a known example of a process for improving
fiber mechanical strength involves improving the degree
of orientation of fibers by drawing, in the case of using
such a process, as ultimate elongation is known to
decrease with the improvement tensile strength, it

. .becomes difficult to produce filaments having a high
toughness factor.

In the past, containing a filler in the form of a
layer-structured clay mineral was proposed to improve the
mechanical properties and dimensional stability of
polyamide fibers (see Japanese Unexamined Patent
Publication Nos. H3-31364, H4-209882 and H8-3818).
However, these are all targeted at thermoplastic

polyamide, and the use of a layer-structured clay mineral



10

15

20

25

30

135

pat ent docunents. In addition, processes using
| ayer-structured clay 5 mnerals as fillers have been
exam ned for the purpose of inproving the nechanica
characteristics and heat resistance of wholly
aromati c pol yan de. For exanpte? —Japanese Unexani ned
Pat ent Publication No. H-236501 discloses a process
foE gb iu% I [ 0 ]
et e g et PRI B9 KA S b1 1y
maggeralt gy peilyiamg den fddpeasus isongtti ol slored nimghese
di ani-ne MRy and an organic solvent solution of an
P egngicg}g

acyl at boxylic acid nononer that is soluble in
wat er, did 3agditigna Er9Fesisesr alsing tiey e Hgiedusred clay

SOl hi0R 19 2 38NI1G 30N IV :QmiHEd "hr the purpose of
pol ycondensation of the mpnoners, Japanese Unexam ne :

PatBREOPIHNG CAE Sif NG igal Pivgsertaddioses andrividss

- f okes8isfiagicRntdfy weRb1aiNiat b tGARRAMRGIHSO! Utd ®example,

pol ymeri zin a wholly aromatic pal yam de in a solve _
soMaPRG 561 %é‘%“} Fateadt &P@glayaiﬁorﬂ A&t -al k] 1
of dieaploateal v plickeaisvifeg sitthilnayey -=5 twHech Ly etk anlaayic

R Bo g e SRR SR8 RS TAR  Ge  hay
whalelay —areeisttiant pelteaniade bgompoundy Raviamgueany oveldition
cal. 1 : ; g
R i G o S
whePly tacomett @rpelaydmtes i carbesniing avish gatigeer that is

solsyeRb 1 AN a3 Q0 GAREREG flay Rl Yoo the
aromati c pol yam de, the layer-structured clay m neral

an@RE VS FAHUE 1981 Ve 0 r 3@ Ydovisiierent oty shBrtng
of poheJmehadiatalon ORI nRshdfe W 0ldapata@mtitexamined

POBSRRE 0SS e, SO DR AP ST e con

fi edifd cde@nttdivniohg ad diayers cstpuetngd &y dayumiorerdl aserizing
fill Vi . i gh oughness +f act.or_ as._.a
re‘sﬁul%trhogg1 q’t h%eroeo ,l%a:beogl ; oat%%kc{neo\L/%LA%1 rsoor%vagjcurrseoﬁ]tl‘lstlo?n of a

t hé aeirors taruct LGYIMVARY yOR I THEE ol INVEIPHIGN Arf objrelietofly

{ N@3REIGANG DA M) JrS S RIAUIAL c 1P I AL 1

pol yam de fi’bers havi n% hi gh nechani ca properties,

andegamiege orgmesed datent Pubdriqaddicay No. H11-256034

proposes a process for obtaining a wholly aromatic
polyamide compound having improved mechanical properties
in which a layer-structured clay mineral is highly and
finely dispersed in a wholly aromatic polyamide by
removing an organic solvent from a sclution composed of
the wholly aromatic polyamide, the layer-structured clay
mineral and the organic solvent.

_ However, the improvemént of the mechanical
properties of wholly aromatic polyamide fibers by
containing a layer—struétured clay mineral as filler, and
wholly aromatic‘polyamide fibers containing a layer-
structured clay mineral as filler and having a high
toughness factor as a result of thereof, are nof known
from documents of the prior art.

SUMMARY OF THE INVENTION
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that can be spun with satisfactory process stability
in a5 spinning process, and a process for

i ndustrially producing the same. According to
research conducted by the inventors of the present

i nvention, drawn and oriented whotly aromatic

pol yami de fibers obtained by wet spinning and draw ng

a 10 spggnbgag qukdt%%n %%%%%Q gnwggkl%naagngg rov1de

pol yam a er-strictured cla
fouhdlﬂq hawmatsupppd@ﬁmadehinb@&ﬁ @h&na@t@ﬂgétW@§hanlcal

g %%&E&%E?r£¥d %uﬂgghoEoFg%ggggs% fackoln M icular,
si ngl e i nventors of
t héhprces;f@mlt buem%@mll oA ths sEfids falCﬁﬁrga@r@Fe@énﬁltM¥tY in a

un'ErQ%hﬁgd?§B%%§%nga%@P@ e Ofrdh@ ndustrially

| ay str ured clay mneral in the fibers, by
sc&reaicigidy thiesfMsut i ng a plurality of regions

havi ng ad-elratingehy fye%féadx%memtdu&teww e;lr@y 1mthairs of
distribution density in the aromatjc po I
20 et BHRSERg: SESRBER 1 R BT Q3 e b Yy Pt omatic
:Cm%roQ\yialﬂgdehﬁlwﬁa@:Ut&ilr@aiﬁthU Si}_jl@ﬁlfl@lfg tamel drawing a

i bers, . partlcu r t he to ess facta
LB ARG PR e ST dras Ay Mg de
paratnld:laeslaylatr&\mmﬁntm:racbrulay whold na larenest |f©und to have
po's){largrq.%rf Im% k&%.nl%%lOfchar]:eac@’e%%r{:tldgw%rﬁtd %{péose lfasﬁe.l.y

a re In nposi rrstng a trix co
mh@lugeramnmxxghq@@lwefmqi@rr esiMe mnd Urayrdrsisfaliot drtedias

clay 49 r}s%ru% brg,artw c'ﬁﬁf&t%qe; $ad apd E;yésterdtbqtr%dﬂon

an anmount of 20 parts by mass, based on 100

partathy J{Wa@f Otﬁn@m%ﬁw %n%ﬁ?rtrﬂé/ FESRSES AP 197D

V\hqlalysérarmmec mqﬂexamm&mﬁesrcs dHfayt R ndgy=asent the fibers,

i nyention ral re ons, Jin g1 ns

| ot SRS Y 1) P el g of Fegio

dl Starmbig ed rellratavreélyathm_ﬁ'l yldyegh—s:hlsicrtntnﬂd alay mineral
den are pre catt

AR A Y S Y (S R e

ar om;;mlcx ﬁ’dﬂ%ﬁam@@daécﬁer@%fpatlrt@-qﬂr%erﬁhq rﬁfeﬁﬁqforp

g:t Mqo'é% %Le@@dﬁd@lé??é?aqﬁ:efiﬁr@s H€ the fibers,
CrOS cut

ber axes, the resultant
cr gasl Mﬁwarﬂfyofﬁh%st%%mtﬂfsser%%ft [Fagh be further

el RGN By GRS CehR: s erimditdd Catd pmitfe 400, D0k icles.

and in %ﬁ%&n and oriented wholly aromatic polyamide fibers
of the present invention comprise a resin composition
comprising a matrix composed of a wholly arcmatic
polyamidé resin and layer-structured clay mineral
particles dispersed and distributed in an amount of 0.05
to 20 parts by mass, based on 100 parts by mass of the
matrix, in the matrix.

In the wholly aromatic polyamide fibers of the
present invention, a plurality of regions, in which the
layer-structured clay mineral particles are distributed
in a relatively high distribution density, are preferably
scatteringly distributed in the wholly aromatic polyamide
matrix.

In the wholly aromatic polyamide fibers of the
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5 cross-sectional profile, a total area Si of a
plurality of regions in which regions a change in
conditions of the fiber cross-sectional profile due
to an influence of the |ayer-structured clay mnera
particles distributed in t he” observation area S2 of
25 n2 is found, is neasured, 10 the degree of

di $ReHRN lxv@fnttlaﬁ | @a)ﬁ%"n‘ threuwebm gh:emat%n%roaﬂyamlde
particles in each fiber, defined by the equation 7(1)

ViReLs @sf SFPsg- PG‘G edpng &he éﬁ@ﬁgbweﬁn the rH5gd tant

,6fc&b@§4%ébﬂﬂ@n@@ p%%fh&e%h%xwh@bbér@é@”ﬁ&t% R@ ¥amMd9onic
fibers of the  present .invention, g §§§r structured
cl dy GH¥&Ca® aﬁréf@@&@l l&éﬁ&Pﬂséé a0y 888y GRe 1n each

selceolsed seicaonlec bebiftige, sap&&wba,asbevsn3bﬁea plurallty
bei rilloni.te and

. n
ChE TG Nsr St cBoP P Fi EURGS6! LihEondagms of the
I nfehieiromrolsise sleayeonstlr peiodridd dh&ytalaerahfluence of the

pan lLe efiergbly qnes Lreat
s e B SRy et B Hoster algsrykmes in
flh@@So@%e&h&tlaﬁ presest bﬁvemtmmﬁ ié hfound, is measured,

'Ia¥%r st ructur

clay m,ner es _pr fer bl
have San &S ad Idéﬁé’%rlsﬁi‘)@k e§§p ?r?‘elgatySrsﬁ o %”‘Yer? clay
t haiwealally pardieilies pol pamhded€ ibelrer sledfinkhle byprésertiquation
i nygnpt.ion, the layer-structured clay mneral 30
particles preferably have a degree of orientation A of

50% or iYdre, =ddisarygened inoaccordance with the (1)
eq t AN, = [ 180 - 180 2) in
qugt %%ff%f%l% réé%ggen §9% ﬁ W%égglbéiw%atﬁ%df an 35

|ntenS|ﬂw t¢het whbdflvonrdeérim pedyamidanfXbeay of the
ang| E%b%t QBVER%lbﬂyegh%eﬁggg%r%Qrﬁfﬁﬁrghn%ﬁ%# mlnerﬁ%

particles, alon a reflection pea
i nP&efEEEP Lyl SABDET SEffe At é@ﬁispﬂ@cﬁeﬂéﬁté%irmer al

Dahbb%bgﬁtelnsbﬁ%nWQ%||%t@%%%%&%% pgkyanhde ki bers of
t he rese invention, a_ratio T To) of a ténsile

st PER éEP?ftSfapﬁeSWﬁéﬂPFgaﬁéﬁﬁtlc pol yani de
fibers tta ahkerdblley aromatic polyamide fibers of the

present invention, the layer-structured clay mineral
particles are preferably ones treated with an
intercalating agent.

In the wholly aromatic polyamide fibers of the
present invention, the layer-structured clay mineral
particles preferably have an average layer thickness of
10 to 500 nm.

In the wholly aromatic polyamide fibers of the
present invention, the layer-structured clay mineral
particles preferably have a degree of orientation A of
50% or more, determined in accordance with the equation

(2):

A(%) = [(180 - w)/180] x 100 (2)
in equation (2), w represents a half value width of an
intensity distribution determined, in an X-ray analysis

of the layer-structured clay mineral particles, along a
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strength (To) of conparative wholly aromatic pol yam de
fibers identical to the wholly aromatic pol yam de

fibers except that the |layer-structured clay m nera
particles are not contained therein, is preferably

1.1 or nore. 10 In the whol |y afomatic pol yani de

fibers of the present invention, aratio (E/Eo) of an

ul e i5hongat| I ti

poﬁ%ﬁ ?bbggs%tg%fggkﬁﬁt n%% gnéaﬁpggﬁ( i of the
co#ﬁaﬁarﬁwéuwhawbﬁ céﬁ@nm@n@rgdlpawtd@lEﬁbers

i dent i cal, Egetaﬁowﬁglgxokétaeog%éyg Bolky aide of e
except that the structu m ner al

paPEieseas éﬂ@eﬁ§ﬂ0@®nﬁaﬁﬁééo tﬂé?@lnoflé peasddgb|sErength

1. %191 o1okBe WRAOLNG w&%hbxlérgﬁayhalealx@%@@% Ebb%r%enSlle
of the present invention, glness factor

ofsﬁﬁgnﬁéhmﬁgpl ogrﬁﬁﬁpﬁéa§6W§aWP8 i BEPTaFEC @@&ygwlde
th&i&@&&tuaéntﬁ%hl b ®hE whobBly Arbahthe Wil6RAmide fibers

equation (3) ' represents a nu valye o

C oottt Ehel HoYREr SbE R E S cd R Vor g dgs AT ticles
whakbyn@monahtalpahyahedelhlb&Bsp&ﬁﬁeEabﬂ@pﬂeaen&Sm@re
nuner al vaI e ultimte el ati.on d.n unit of A

of "t he Hn6IE, *heatd: FeoBary anpaa R bass fipstY been
pr@ﬁ@ﬁ&bﬁyl@@eomlomure rBMthdEWEoDIpfaaonuﬂkamate

pol.y b Y h

P acomeE bhoTED B CHE Bl Sp B Bl AR Bibers co
whehl Rlaipahel elpoopaice (Echerd FémpﬁﬁétﬂéﬁaMhP}lY

fa%&@ha&IEO%o@&a&@@%a%é%b¥% W@%thcQ&o%Btkﬁe Relyaw de
fibers identical to the wholly aromatic am de

i BEPTagiCeBP LyREE dend 1Pgyer SXCEREL hhed 6E§y ayer-

n]Be&abtnaéHI@ﬂe§ afigemall gpamtadicned bher aol, dofitained
pr%gerab y 1.1 or he whol |y aromatic

VS RRe  F5ePEesteehdvpedoRt MRYBAL Lom t he
| ayer - sttnuther stiod Lay amomertal: ppayamahesfpbe&er@ﬁlyhe

co Ll QVQQQ ﬁtqehunkmgn%obg%ﬁggg faékggeﬂngV%%the

reo he whol ar oma
th@hQ16We§éﬁmatﬁ¢eﬁpﬂdﬁmlﬁﬁefthKSyd&ﬁéﬁ&ﬂl@Yp§h¢aﬁﬂ@@tlon
regin:is preferably selected from neta-wholly

aromati c_pol yam de
TF = T' x E'!/? (3)

In which equation (3), T' represents a numeral value
of the tensile strength in unit of g/1.1 dtex of the
wholly aromatic polyamide fibers and E' represenfs a
‘numeral value of the ultimate elongation in unit of % of
the wholly aromatic polyamide fibers, is preferably 30 or
‘more.

In the;wholly aromatic polyamide fibers of the

. present invention, the ratio (TF/TFo) of the toughness
factor (TF) of the wholly aromatic polyamide fibers to
the tenacity factor (TFo) of comparative wholly aromatic
polyamide‘fibers identical to the wholly aromatic
polyamide fibers except that the layer-structured clay
mineral particles are not contained therein, is
preferably 1.1 or more.

In the wholly dromatic polyamide fibers of the
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resins. A process of the present invention for
producing drawn and oriented wholly aronmatic

pol yam de fibers 10 conprises extracting a spinning
liquid conprising a solvent and a wholly aromatic
pol yam de resin and | ayer - stT dctur ed clay mnera
particles in an anmount of 0.05 to 20 parts by mass

pe ré@@nea&hsehylHBSSthef1ap§rmgekhatu§éenaia mineral
an1d§?re5|n t hrough a spinneret to form1l

flpéﬁﬁﬁF y EF?§§ﬁ§b6Y FﬁétébﬂnﬂFﬁ@nFanpaum ions located
|nbé@d@éhngayagsfthaﬂ@atary streans of the spinning

I|qU|d nt ous coagul ati on bath to coagul ate

tha i FAnEhearsoLlvearerof e LprRARRGE FPGREOE the
drpweagnthenve&uhbanttnedwamm1§|hﬁﬂﬁatsclpoaymmtaedre51n is
20_at re:; heat treat the resultant

cr RaR PEPRene S TECE R 7258, BEESSvRPLL HadpPBEbhE Polvamide
i nwestinen for produ0|ng whol |y aromati c pol yam de o

fibers, pé%ﬁ%&%?'¥£ Eggcgﬁégghgglkbngg?hsfBEeB?éﬁgc?Xg

n1X|ng a utron
sobvenn, aadporieohedf whhélywaobhgtaromalvempdey dibaes

re%bﬁpéﬁgehaéﬁErﬁEEHﬁguEeg 9£ﬂ¥ngnlﬂﬁﬁ§5 EB&%%EE?ﬁg'Q

an anount nmass
na§§laﬁnthénﬁhé|w?oéﬂ5narp@abepyaﬁiMéml¢@srﬁsmptﬂna Piyer-

sOEHku@euBeaoamaysmmge&aQ pePRiBLAY @ﬁrhhoamaan@fothe 05 to
ol.yent, the renalnln% Egrtlon of the whol Ly aroga;
?éaﬁ?ﬂ@s P¥sMASSaRg PsPREEStRE Pagai PENERESY ;Y

andrbﬁhtlc(ﬁlehﬁldES@éShhytﬁfoﬁbﬁ sobp&nﬁaréﬂ)tatfarm

sh%ai Ee of % h to 8g | es t he

v.sco%P 255 éF%@F 8 5 %h%%%“?é?% +910%econd-

and (2)InhEOdus¢ogltyeoﬁlﬂhmesbhuylenréamsabfatbheaplnning

ra&?gﬂ&dolﬁtgegngquebﬁs ﬁ ?89a£igﬁsb%P§ ¥6388§thaFE the

sol ution rate of
t héipproeasaryf stheapeesénthpngRhRNdAIT diqupreduci ng

whol 'y é&QﬁEthtR@|¥é€h@%aﬁtbﬁﬁérahﬂefl§9ﬂ€ﬁﬁgr%E'anetted
of the wholly aromatic polyam de resin in 5 the

spPARPAGNEEPUt PBA is preferably 0.1 to 30% by nass.
In the gpgcrsatcotrkheipgesnadt rebMBARhONdEALNn filaments.

In the process of the present invention for
producing wholly aromatic polyamide fibers, preferably
the spinning liquid is prepared by mixing a solution A
comprising a portion of the solvent, a portion of the
wholly aromatic polyamide resin and layer-structured clay
mineral particles in an amount of 30 to 300 parts by mass
per 100 parts by mass of the wholly aromatic polyamide
resin with a solution B comprising the remaining portion
of the solvent, the remaining portion of the wholly
aromatic polyamide resin, and satisfies the requirements
(1) and (2):

{1) the viscosity of the solution (A} at a shear
rate of 0.1 second™ is 15 to 80 times the viscosity
thereof at a shear rate of 10 second™, and

(2) the viscosity of the solution (A) at a shear

‘rate of 0.1 second™ is 4 to 20 times the viscosity of the
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produci ng wholly aromatic polyam de fibers, the draw
ratio of the undrawn filanents in the wetted

at nosphere is preferably in the range of 0.3 to 0.6
times the 10 maxi num draw rati o of the undrawn
filaments. In the process of tHe present invention for
produci ng whol ly aromati c pol yam de fibers, the
SO%MEHElth(B?eé%rébkxeéﬁ'ESESdo%f@”upgbébn@ﬁide

sol vents process of the present invention for
15 prod&Bi BfewREPEgsar ofmEne PERYERTIANVERERSD £RE

?kb&uc@h@”&hb@l@ob¥éﬁhg§crﬁ%&?ahﬁd@rQH%%&Q'ythe
sel ected from net wh aromati c | yani de resins.

BRPERCPESERE PPRORE CENTHEN BRAVI RESTE @C olyagide resin in
el erer epiAhenhgyLanht@bnaisr pgerseabigno .20 tef 308eby mass.
exanple of wholly aronmatic, pol yam de fi bers .of &?
pr esent Pn&@ﬁtPGﬁceBES?fNEEE P%RséﬂﬁR?Pﬁén%ﬂ? nrger
|thBEhGNnbnwhb@lwh@kbMaaﬁanbﬂgawﬂbﬁaﬁuﬁermsedhEEdthw
es n nti o the _a matiC LI N t
PTERERY o Kb binabr FaheREnS i fheotete Y it Bhere
armnaprefemabyanudethesraugstDfuﬂed tar €. ﬁutumdsythe

boﬂg éﬁrﬁ%%Q r 1%6 Eogﬂé g RB £y & ot i
aBly “s6l 8cted ‘' om fet a- whol | 'y
aronatlénp@h#awwaggss othtbetpg@seﬁtwhawﬁpumqmnﬁQH:
F¥Bﬁhggn W AR! LY oRQ+RPROGWESd vl PWemenrdleUls® 1 vent

ution Lnerlzatlon or. interfacial olynerlzatlon
oflﬁnpéﬁéﬁﬁ ¢ YdiS€drB6 R £Eom &@ﬂérdﬁﬂéﬁﬁdéoéﬂﬁnéﬁ

aro”at|Qndt%@|@&ob%s§ &Q'tho@re%@%ﬁthveﬁkhﬁ@Mgbrthe

di am ne conp ﬁpg& used in.the resegg % |nven ion, 11

pr Bf 8 HSF&QC& Hs BRBAG PP YESES P € whoily
exaﬁbhax1pap@n®amybeneeduanusepr%f@hb@ﬂ@p&@d@h&@ﬁ girem meta
d! aﬁng a’romﬁltc;;Lré: g{]e@ar the'})Qsﬁ%% diamne, 2,6 9

di C arap eny ram nég,” “m phenyl ene di am ne,

3,4' - dlanlnodlbkﬁhleEEQRﬁPTEDM-OHl%ﬁﬂrﬁﬁﬁ%h@©§l

ether, 4y %Q@&%E%@%h S h of t

4, 4' dlanlnoélﬁheny sul fone or g%apdlghlﬁb&rﬂiinﬁec ton

SUPfoRBE PraPleoPT Whrldd BREOFETEC BOoASHGdenddders of the
dlggbg@n%oqa@@@ﬁgonp phenyl ene di am ne, m phenyl ene

di am ne andB%.ST M%D%n%g%db %%@ NGeth%‘r % I%%%%TION
In the wholly aromatic polyamide used in the present
invention, the aromatic rings, from which the primary
backbone of repeating units of the wholly aromatic
polyamide is constituted, are mutually bonded through
amide bonds, and the wholly aromatic polyamide is
preferably selecfed from meta-wholly aromatic polyamides.
This type of wholly aromatic polyamide is normally
produced by low-temperature solution polymerization or
interfacial polymerization of an aromatic dicarboxylic
acid dihalide and an aromatic diamine in a solution
thereof.
Although the diamine component used in the present
" invention preferably contains one or more types of, for
example, paraphenylene diamine, 2-chloroparaphenylene

diamine, 2,5-dichloroparaphenylene diamine, 2,6-
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preferably. In addition, although the aromatic

di carboxylic acid dihalide conponent used in the
present invention 10 preferably contains one or nore
types of, for-exanple, diisophthalic acid dichloride,
terephthallc acid dichloride, 2-chloro-terephthalic
acid dichloride, 2,5- dichloroterephthalic acid

d Lbge n !
'&g&gi%gg?% ?gheg f@ﬁ@rgigﬁﬁﬁgthﬂ bR ﬁ?lg di ghkRihde 3,4

5 di carboxylic acid chl ori de, i t .
| s R Lnoe Boeny herahor %ﬂﬁngd%ﬁﬁﬁéoﬁ%ﬁﬁﬁﬁyé ether, 4,4

d'&féﬁ?%%hiﬁh@ﬁyg ﬁéhﬁéhges4 stegephi Rabighaskd sulfone or
di chl ori de "and i sopht hali ¢ aci d glﬁggoiﬁde ar.e
o}

us%d3pr€%@maﬁpglp%ﬂ%ﬁ EHELansy efbnt Bifgd thereto.

.'arﬁﬁ@ﬁgctﬁékéaﬂhgﬁ§ne 8Qmp©hMHBtaphpn§h§mene diamine, m-

|sopht al.am de and co par aphen

3,1 eHY%??@|Sh@W§P%n%E$e¥ ghtHAFaﬁanlaPsnﬁéeather are used
prpf@fabhylymhlle pol ynmet aphenyl ene i sopht hal am de is
used particyla prefe abl | east one ,
sol vent Rh@ﬁd Fééaruﬁg Oug§5t§B| ARPRGET |qU|§8%b8&yllc acid
poﬁyhnludengoapmhehtyuaednmnlthepptyaﬂndelngﬁaﬁpb@s of

wh e d I
kDDLU ik oA ol kg b SRpaLE Bk,
N, dndsnphhyaécétéawﬂddlchﬂﬁﬁ@ﬁyb QErayhﬁéﬁﬂé§néCaﬁd

SuaE&HXBE§850|QCEﬂ@br8ﬁE§Ee§9EHQh§cebeﬁa 39 c60BRAWR]S 2, 5-

as tetrahydrofuran and di oxane, water- sol uble
al@éﬁBﬂOéeﬁﬁéaﬁB§h§ééﬁ asiAefhSRoPr 18Ehakofand

etBYEBE@rGE%Q@bhtH@&Q& §@hdeQcKQb@maeCGEDQUBd&a@MQBlene
ket one, and terts%I %
e ereto.

h
nl??ggg 8g§ﬁggn8§lgu§ﬁcgéogég?0nFFrFﬁengﬁ mL

pr BpoAgi theke. araﬁafhe aﬁaaebemy&mnedcsdldehhlawpsalso
be,a moxtur Y

o SPERBIETBRaE eomhonnaoTorhas’ BER By, La8eythalig, acid
prdcehiomﬁdeherpresedtpra&emﬁb@n is - 10 - preferably

dehydrahﬁgn I@hgh %o%@ﬁ%ntﬁoﬁ%ﬁt%ﬁbgl?”EEBhaQﬁcagolyamldes,

convent i ona y known 1 norgani c salt may be ad
t heCpagiepheayilene AsePhicBaperdre poPyFePCLyPegRphenylene-

dualag eQb&ga&paéhern@rtér@bh%aanbahu@nagﬁ used
yneri zation in_order to mF]1e sQl ubi

Exaﬁﬁ¢§§asﬁysu@ﬁllﬁoPQ&ﬁwetéa ﬁeﬁuaéophthéﬁamlde is
used particularly preferably.

At least one type of solvent when'preparing a
spinning liquid by polymerizing a wholly aromatic
polyamide, examples of which include, but are not limited
to, organic polar amide-based solvents such as N,N-
dimethylformamide, N,N—dimethylacetoamide, N-methyl-2-
pyrrolidone and N-methylcaprolactam, water-soluble ether
compounds such as tetrahydrofuran and dioxane, water-

 soluble alcohol compounds such as methanol, ethanol and
ethylene glycol, water-soluble ketone compounds such as
acetone and methyl ethyl ketone, and water-soluble
‘nitrile compounds such as acetonitrile and propionitrile.
The aforementioned solvent may also be a mixture of two

~ or more types of the aforementioned compounds. The

solvent used in the process of the present invention is
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[ithiumchloride and calciumchloride. In addition,
when producing a wholly aromatic polyam de fromthe
af orenenti oned di am ne conponent and 10 the

af orenenti oned acid halide conpgnent, the nolar ratio
of the diam ne conponent to thé%éid halide conmponent
is preferably controlled to 0.90 to 1.10, and nore

pr efrer il an 160 R2r%irt@ ek .05, A nolecular termnal of a
whol | y aromat,ic pol yam de 15 used in the present

i nvent i gt Y & AHiCocReF U R R Fe 2mOAEE GF GsiGRgvgntionally
tendigial ilRekme agan rfagr Hdhissidad pesehe @6aARMees Rftion
t he .bl ockin ent used i.nclude phthalic acid | ,

NG T S 1 FSTH s BT o h PR WiTYEeBiamied o
of att e nguetd o M|To pRNtynd1GlAadd caniin Redand to increase
subst.i tuted for 20 .t hereof. 1 n .general., an.aliphatic
g 7 B a0 et R R A S e L e
canl ilkéh inse adh v rdaiebh iamat i@l dimn captarrieglean aci d such as

a hydrogen .i for [ tian t - aGi.

nal | des Shd idotue Woe phachid iRat R RRE

af erodnyamiicen € omp dlhemarfiozgmient igeest idmmiashgomponent and
'Wr&a@ﬁx%%gh%%eﬁl%i@%ﬂq}?ﬁé@d% Htdethe molar ratio
pot assi um hydr oxi de, cal cium hydroxide or calcium .
oxicde Ty HemHdge FoRPAaty &g tiheh adickharld dgs component 1is

negASSRIMAHIY REIHURI112R) the 0.8actdon.. 130 THher @dke no
spe0|3! I%gytatlon% on the reaction conditions for
pr EhF Y@ 18 %2r &fatli-@3ol yami de of  the present

i nvent i enmollkeuleac tieamibeiiwvesh 4 hhddiyd adeadatde: ad yamide

di anmi ng .typi.call roceeds r.apidly, and,the. reactio

CeRUSarl €15 FRGFTRIT y 158 rom G ndy 95457kt ordbl

- 1@ase ROCusAnghal [berarioret it qul yrggriegegolfynerthis purpose,

Ob%éiai}gﬂ]é ditse 'EH'H&? %gtéﬁlteﬁsfef%ﬁi i etnga%tfrf%{ﬂc acid

of pul p- fﬂe fﬁgkes - fjﬁﬁy chargi ng an §%b rgi ng

i tahd o sksn 256! \Rars tddert ags fagmerthareaondlile examples of

Al tehughitrhe d&’d@ﬁf@nt‘c !i@@%c@%rﬁqnfeecﬁrﬁﬁ@d’;%i'ﬂhted forms

solvent and the resulting solution can be used for

wett itri-ng, a solution obtained by a 5 _

pol yner izatgdedie 1203 C tan0r 1Giah Al iSO e reset ramadts Asmine and

Splqrtllrgtrfleq:nlalr u'a%ﬁno'?’llitul?no l“lsgahltt hcearne b%r %S%% ICELLanr tclocr:nlf:!i%ration to
capture an acid such as a hydrogen halide formed in
reactions between acid halides and diamines.

Following completion of the aforementioned
polymerization reaction, a basic inorganic compound such
as sodium hydroxide, potassium hydroxide, calcium
hydroxide or calcium oxide may be added to the reaction
mixture as necessary to neutralize the reaction.

There are no special limitations on the reaction
conditions for producing a wholly aromatic polyamide of
the present invention. The reaction between the acid

halide and diamine typically proceeds rapidly, and the
reaction temperature is normally -25 to 100°C, and
 preferably -10 to 80°C.
A wholly aromatic polyamide polymer obtained in this

manner can be extracted in the form of pulp-like flakes



10

15

20

25

30

35

[imtations on the solvent used when redissolving the
pol ynmer flakes provided it dissolves said wholly
aromatic pol yam de, a solvent used in polynerization
of the 10 aforenentioned wholly aromatic pol yanm de is
used preferably. Next, the Fayér-structured-clay

m neral used in the present invention has cation

h b d, d h :
SuERT FRG-A2hy PBeCRHopFERREn a8 33, & Fb RBFEPYborighn>®

Iayetsrtberadtphaﬁd aAl$heughtehel@ylymaerﬁﬂaaad can be
Sm@'hl@QOEH%% fs%i%ﬁg&p ﬁfe%%%|¥es§ﬁ%ghé gofﬁ@ﬁ?heéan be

Ia er-struc 2d T C mneral S irnclu snect
cIayednﬁ@mawgtsaghnasngheet@pﬂuélogapbhaueed by a

StE&Q@ﬁb&%za%ﬁbqekbggtﬁgq %gn”gﬁ%gobblhggatss is as .a

I ncl adi ng hei r natural chem cal synt hesi zed.
f oRENNiAg Wéanigs sa@§prGhe§hﬁ6ﬁn§re der beativedasr

m xtpiescibaseeh. cha éédwthnus%éawﬁbﬁsreeisgﬁﬁbhhagthe
m ca_i ncl ude synthetic swelli m ca

chBﬁ#E&?Fyf%?ﬁ?ﬁeQFﬁgadﬁﬁdlﬁaglﬁﬁoéﬁéSNaaF6n§h6é#%eéﬁ°mat10

th902§ah@mer3atbeue@ht asewehh @&1§mb&&tau£@d bar aBe
erlvatlve% F Eges ther hﬁ the resent

i nPEREFBRD 98 P gep VuF&&m@ éﬁ P H@PAP éFtPEFQs

thgteﬁawebbgen treated with a surface treatnent agent

cont ai njjng . or gani ¢_oni um.i ons tercal ating agent

oo o elBien! RY. Sa0REP YR80 PR CRLS! §RhakhR0.20EEh ehe

Iay@&ssntuanmeedlohayaﬁ1netabnp&mthehes abTieaynentd
Hgmﬁﬁkgrg%ggnkﬁﬁgBmEgEFQQSoE”E@%&?in hgs aere ult of

di spersivity of y“ aromati ¢ pofyam the
r e$OFPFRGTPEYER- §ﬂﬁ@ét@ﬁéue@naﬁaﬂﬁﬁérahepapfvcﬁé@ Bn

th@mé@tﬂﬁbrblayaﬁgnb§a§bhﬁdtwaﬁ@&ﬁ&emﬁbgaggﬂtused
form |I|téyand t he toughness factor of the resulting

fi BEPESL¥RaYor g3RPEIEAFURTPBR LGSe@ i Aa¥RE-Structured Clay
af nt apeal soNadluddZ smeuthiaee cibgamivetals puehenabl y

SehEskaf: Lo gusLeLDer X, IIRILAT Lads 12y, s
f ompokamcgi)lloR2tRl (AnR3ufing their natural and chemically
synthesized‘forms), as well as substituted forms,
derivatives or mixtureé thereof. In addition, examples
of swelling mica include synthetic swelling mica that is
chemically synthesized and has Li and Na ions between the
layers thereof, as well as substituted forms, derivatives
or mixtures thereof. |
In the present invention, layer-structured clay
‘mineral particles that have been treated with a surface
treatment agent containing orxganic onium ions
(intercalating agent) are preferably used for the
aforementioned layer-structured clay mineral particles.
Treatment with said organic onium lons improves the
dispersivity of the wholly aromatic polyamide of the
resulting layer-structured clay mineral particles in the
matrix, and is able to improve filament formability and
the toughness factor of the resulting fibers.

The organic onium ion used in the aforementioned
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R4 (wherein, Rl, R2, R3 and R4 respectively and
i ndependently 10 represent an al kyl group having 1 to
30 carbon atonms or a hydroxypol yoxyet hyl ene group
represented by -- (CH2CH20),H) . Here, al kyl groups
having 1 to 18 carbon atons aré2 preferable anong the
aIkyI groups having 1 to 30 carbon atons represented

nd R4.., 15 Prefe xanple
o SRR SRR OB aE S ge LA Cado "B WpEeTRaTY
notamriomited ifoms taedday at chestilopll s&mmuﬂum&rmhpmebeeted by
tetrad trlnet |un1 chl ori de, hexadecyl
tr |t|peet %Cﬁil fr%)égrﬂag‘?ﬁ oct adecyl tri methyl
annonrunrchlorlde,RpleyI trrnethyl 20 anmmoni um
chl oride, didodecy|] dinethyl anmmoni um chloride,
di tetradecyl dinethyl amoni um chl ori de, di hexadecyl
di net hyl anmmdi-wmEki-eflde, di oct adecyl di met hyl (1)
amoni um chl oride} dioleyl dinethyl amoni um
chl ori de, dodecyl ! diethyl benzyl amoni um chl ori de,

“tetradecyl 25 di methyl benzyl anmoni um chl ori de,

hexademdi n, dinfet Ry) benayld mébﬁgbﬁmféliydﬁndoﬂhélgﬁ@ﬁ(ﬁently
drnethylbenz I annonrunrchl ri eyI |netEbeenz%
amPSHAFRSEH @ﬂ de- kvl i95QMR ?"r?é’t]ﬂgl amortuAEkegy ddems or &

hydry@@cp@d gmowdﬂmwye@een@tﬂmyjﬁ l(.i:le@trl@)dsleéﬁlmilt)myum(tcr}]bCHzO) H) .
ride r ox e 0 i me
o R R R ot G PRy Aoy B
drmnmi@drabﬂunamdm@ ahleorildeyl lpyrdnmsy halvioxy ét iyl &fle carbon
I
q%%%%&i;gkgg%ﬁ¥¥%2§ﬁggétaagc X ggﬁfhhyl anmoni um
chI or i d@rIBiapdcoxyEoiniey ethdveterslagy agmesdiy compounds

aMmAHMANLRLE deut Ay HAXMRA MR &)Y lRpR Jadedmethyl
met'hyl amoni um chi ori de, bls(hydroxypolyoxyethylene)

t eERAIAMT (RitRpide 1 Fedmpsiah dHigtdy L anmonium
bi S:(HMM@,DQJW Ay [taniege trgadeeidn i uke tdiylo ramni um

chlorld %%ﬁ$%%38¥30| 0Xx eth%%ﬁﬁﬁ) th%%SYtrlmethYl

: polaqurelduylcﬂﬂejrmieeyldmdadylammtlhylc Rimordemm ShAwride,

AR ALY LR, | NSl U WS deay
ay m nera organi ¢ opil Um’i on nor ma elcl
com@rmtshsdf ammqmgmu qpdratr ige weligint agfecyl dimethyl arinoni um

| ayer-catit d@?lgfgieyl dimethyl ammonium chloride, dodecyl

diethylbenzyl ammonium chloride, tetradecyl
dimethylbenzyl ammonium chloride, hexadecyl
dimethylbenzyl ammonium chloride, octadecyl
dimethylbenzyl ammonium chloride, oleyl dimethylbenzyl
ammonium chloride, trioctyl methyl ammonium chloride,
hydroxypolyoxypropylene methyl diethyl ammonium chloride,

hydroxypolyoxyethylene dodecyl dimethyl ammonium
chloride, hydroxypolyoxyethylene tetradecyl dimethyl
ammonium chloride, hydroxypolyoxyethylene hexadecyl
dimethyl ammonium chloride, hydroxypolyoxyethylene
octadecyl dimethyl ammonium chloride,
hydroxypolyoxyethylene oleyl dimethyl ammonium chloride,
dihydroxypolyoxyethylene dodecyl methyl ammonium

- chloride, bis(hydroxypolyoxyethylene) tetradecyl methyl
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clay mineral particles and 1 to 10 parts by wei ght of
organic oniumion in water followed by drying this 10
m xture. The anount of water used is preferably 1 to
100 tines the anount of |ayer-structured clay
mneral. In addition, the tengerature during mxing
is preferably 30 to 70C, and the mxing tine is

pr efigi bl om &m diQ e h%{iﬁhgﬁo%ﬁcﬁ?g%ﬂtﬂ Gne) h%xgtrdecyl

condi ti ons consi st essure

-3 deih ek a?@lqre%m%et%e@wa(mﬁoawqigfowt@lene

dayset aldteAY A8 1| aelodiMef MDY i10fe R bis (hydroxy-
Iayer structured clay mineral particles in the wholly

hyadnge qt%'éf feeghitthampaadam Ghhwertdeon i s

pr ef er abtry SQGpIB Uf 20 g @b A iefenahler 280 uctured
nm l ess. F rthernnre the average | ayer thickness

of ct RN C (QIHE Pt P LY
i ndigaiies d her amerlagﬁ 1vqia¢& afy deﬁl}gﬁ—‘ft tdf algiess-Asuctured

measur.ed .f or I er struc a ner al
e S Bl et et L3 e B e i et
N2 ahgamigs redsur ermntln/vlv\tattea:n fel ldatwerh g crmsicepechis

or ARl oAlie SRS Jar L presenaply 1 co 100

t hitgkrsess S hef adeaint agferleaztemmtmtmittmeay qiha’]ematnar@l In

gr 6Bt AN 30 ifpd dac JEY fod ?lselﬁe% bly 30
fornrnglétabl [ty durlﬁb 30 ég?ﬁ%#%g]b f%é’ sultlﬁb Y

redian d8@posntli bhe Gaxihg t@mhemshandfewﬁbﬂy Ds5 to 2 hours.

a_tt eer%t}l% %r}&%ﬁ%o&!& <:o§'1tsr L%Cct lgf%lrgjl \?elat r{ormal

m neral parti 0 the ecu

i's pmy?d:ro 3 algers tdte 70canrcdariidlat ead ehehheacuum drying
spigl &% uid in order to ensure 35 thickening

effects and di spersivity of the layer- structured clay

m ner al Ther tavelmmgantiager ithisddigssowft dche 14 ydmowdmunfured

th f f it
&R PMGd RN §ffdCiansy of dhe Mlnq‘gjr s ng ttCth?%J%lyamlde

al so tends to reduce the effect of

t odgifess off Hhife HEESANT A VB icomsediramaly, 30k nm or
aver@eie aJrﬂN@rforltehlp&I@'f%&Sat]Elf tzlg)lej Irmc/)err Stefguct urteﬁtgteaamo'ife,

a articles Is rereraoly nm.or nore an nor e
or aF ATIGF 208 HAVSTE VSN Saldh (56n L A5 Sz ed. clay
anahldmrallzmetfalrr@drmamm dindiltates the average value of

er .t i) 29 measure or a ayer-structured clay
| ayi%r St Gt yred-c %y mAgral Hartigles used,in the . o
Sent i mvention ar

mlneral particles observed in a cross-sectional area of

25 pmz during measurement with an electron microscope
(magnification: 100,000x) of longitudinal cross-sections
of the fibers. If the average layer thickness of the
layer-structured clay mineral is greater than 500 nm, it
may be difficult to ensure forming stability during
spinning of the resulting resin composition. On the
other hand, if it is attempted to disperse the layer-
structured clay mineral particles are down to the
molecular level, it is necessary to lower the
concentration of the spinning liquid in order to ensure
thickening effects and dispersivity of the layer-

structured clay mineral particles which, in addition to



preferably (50 to 1000 nm x (50 to 1000 nm), and nore
10 preferably (100 to 500 nn) x (100 to 500 nn).

Mor eover, when the total surface area Sl is neasured
at a pl urallty of regions, in which changes in the
state of the fiber cross-secti*dns are observed due to
the effects of the layer-structured clay m neral
parltdw%lr%g 1P R QRSN \é@@l%&%s@ys%cft It@f@lsﬂrﬁmﬁg
of - n2, by cutting the wholly. aromatic polyanmd

fi @éfr%eﬁs@n@lﬁﬁe eyl 1t On FEEUCRe T06 S4rE Tbsdr \A%rqwg the

| on@julgeieRal o8 @9 2eclitaRy Wilkran elRfigduently, the
m croscope at a magnificatiaon _of 100 OOOx the d& gree

of 2ILFEFs LGN Y WintikRessc Rt ither 1300 Yerctured Clay
s | amfne&taﬂu%ltfta@l@saMSmp&%f@ramr i1¢l esn asr defdanethd yore

or EFELSBRD N (8 A R (RS off ARG A e oy TiCaL and

pr eufoecnablny:a\m tthmerish@rrsam:gfe tdnfe (la@etx&sSﬁ:udn‘uﬁehb clay

r. 5 of .di Rer sjion Y ol £ '
%} ner|arrp SVenen S| ﬁlsteﬁje lt oug 2’2:5 f‘@glcq:t evl\ft]ﬁccger?iéflse
th@r@@l’r@blpf 5abi S:pfFiSJ(Im n‘:ﬁ}emqe@s 40 ICIGEE nm), and more

transparency of the spinni ng [ UId pr epar ed fromthe

10 whemefezabdt i(dChday Od@m|a<yé 08t e e &l -ay

m ner al vpailov@res waitth 3heSAotent RAGRRRS aleéM &M is measured -

nol dabi lity decreases. I n the aforenentioned
mi Grroge ST adpLer it (1GE O Sehdiig dd AN (NETESE & vthState
fi hﬂ&h@b&f&b\e&d div dheddtiens eres sseatiahsies eco the

glaget % & ¢ Stl(rfoCt I & druccltt%ecfnc & alml aerl.Ia{lCL})eaSrtlcles,

I N sal cr OSS secti onal regl ons
15 di spterﬁ Bt @b satrvee dhigHeys - st iidmatli @I’readES’ESIdfy 25 pm , by

R Brocaih SR A B BUGIMERE P o0 o the
t heflmulat}dersag thieheref cand bmdamlesgse:dhebﬁmttmlnﬁgl ycross-
%t rrﬂ q%'ﬁ ngdl Q?Selrl\r%\q:l& %11&?0@& E} @'aghna nifi ation
B densi m ner al

dlstrl t|on er-struct
5 ot tL0S, &9 G tithe \Mﬂﬂneya anforﬁatat@qﬁt%rﬁ d’elfp’bll}/n%ﬁmh fiber

20 Maldd % heOf) o JQ&%HE%dﬂbdIEE%ﬁ“HYHﬂbai”ﬁ%éﬂhéfﬁ%)hs defined
scatter ed i.stribution of %I ons having a relatively

hi Y thiestiolderiidyy dendmude oflifayer-structured cl ay
m ner al Y R3r U clas, £Aan ,be gehi eved by control ling fhe

degree o
1s preferably within the range of 0.1 to 40 and more

preferably within the range of 0.5 to 30. If the degree
.25 of dispersion Y is less than 0.1, there is little
improvement in the toughness factor, while if the degree
of dispersion Y exceeds 40, the transparency of the
spinning liquid prepared from the wholly aromatic
polyamide, layer-structured clay mineral particles and
30 solvent becomes low and moldability decreases,

In the aforementioned microscopic observations,
changes in the state of the fibers observed in the fiber
cross-sections are caused by layer-structured clay

-mineral particles distributed in said cross-sectional
35 regions being distributed at a higher distribution

'density as compared with other regions. It was first
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10 dispersion Y of the layer-structured clay m neral
particles to within the range of 0.1 to 40. Fig. 1

shows a cross-section of an exanple of a wholly

aromati c pol yam de drawn fiber_ of the present

invention. In Fig. 1, a plurélﬂgy"of regi ons having a

15 high distribution density of |ayer-structured clay

m fenal ahet@bsg&é@@nko1b@e&@abhethaglyh@i&bﬂdﬁﬁay$iﬂmctor

t he f n1of shg le fibers in the fiber cros sec %ﬁ 1
Thefst ﬁléeF| np; £PPESi 6RB FelaPaﬁaaﬁgd G e 1ngly
di deetirdbuetingheebiibek axiving2@ Abuhougblyheuﬁﬂason

for,,the.inprovenment .in hness or. of

| okip e bR RE Ee s 1k, b2RAVER S st rhBR LRl i)Y minera)

dighmtbuﬂbagineghenwhbaﬁyngramaehatpwé&ymlmqypolymer matrix

ti.on _densit str tur I

CnP LPELERRCRRITh Fudle hEHRRTD! CUBRILRLEMY, JEAE e

st diistmébusdabhi cifemelyovlksehryingen thé@élmgixnh;gh

copt ai-ni e Lyct ure y I It
R B B R G WP T e BB Rk R TRt

thﬁﬁr Acheswerk bﬁr@@b&ﬁ@eﬁsbwoﬁﬁéar@}lﬂn@ the degree of

|aM§%p§E%H65U&e@f %h@y1&&@%L§kr9@&bk%be%r@yjﬂﬂﬁéral
who aromati ¢ pol yam dé 30 pol yner nol ecul es, and

thperﬁéﬁ&ﬁﬁktgtw&ébapeth§ 6?P€ﬁt8§ Oaltolk§ tHfe

~directi efgof 1t Baokisber caves-deett ondo@wang exEigle of a

for on of this network structure.oriented, betwe

t hP B8 2 Eorait G Ba YRy O REPHI SAPEFCPds tity Present

poliyrmentibs. thdugﬁugtolgraapﬂyremmtyibthe@aons having a

TREAKCHELL 3, 32 choUANIERS [ACH AU SVRR el F AL
er- " sStract ure art| es i s

remanﬁvéﬂyagﬁapbserwﬁdth@ bﬁe§@ﬁ$tﬁﬁW@QﬂW0@1ﬂﬁﬁﬂhﬂﬁ?d in

OtEﬁé ERan BEestaﬁﬁe lFayehsSt huehir edpehay:. Jineral-+qam .

used in_conbination in the wholly aromatic
poFysnﬁaéP&8|§ﬁ€ﬁrpﬂéﬁﬁdéegﬂﬁéy agfe SNt 8 Bdige the
t hat rdeesonRObL fi Wpal FiphySk&dlk. properties or process

stablll uring,spinnin h fibrous fillers

non PLERBHETY tABeraauon 208 LhPad@ProRenent in Totghness
scﬁbetbmkef ghanmbamltuhgegubamsshapadrasulmruﬁhed
fi r.the filler i_br.ous
) praFEeEtang, HISEr B No.ribahe RATIbE o iehativedy
inbugdedp@tasbpunpnldanaueywhfskeygr pairadiunad clay

Ui L3A8L81 particles in the fibers as previously described

is still not sufficiently clear, when these regions
containing layer-structured clay mineral particles at a
- high distribution density are drawn, it i1s presumed that
a network structure is formed by the layer-structured
‘clay mineral particles and the wholly aromatic polyamide
polymer molecules, and this network structure is oriented
along the direction of the fiber axes due to drawing.
The formation of this network structure oriented between
the layer-structured clay mineral particles and polymer
is thought to greatly contribute to improvement of
toughness factor even if the content of the layer-
structured clay mineral particles is relatively small.

In the present invention, fillers other than the
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10 whi skers, al um num borate whiskers, silicon nitride
whi skers, mca, talc, kaolin, silica, calcium
carbonate, gl ass beads, glass flakes, gl ass

-m crobal | oons, clay, . nolybdenun1d|sulf|de

wol | astonite, titani um dioxi del® zinc oxide, calcium
pol yphosphate, graphite, netal 15 powder, netal
fl qlg%r 'Egtr%lctr 'r%@%,lagg&nalne%ud%%n G @%réd ROWIInbination

bl ack car s and scaly carbon. Moreover,
in 1Phéh@a§’é10tlﬁé’ REREREIt L EmEet YRIAEFe $9 lomegh @ rofieiad, they

ar@&%tMQthhy%n&%%g@ heks H%e%ah&&,ﬂ%pﬁi%'ﬁﬂyﬁfﬁal
carbon fibers suchas PAN and pitch fibers, netal
f|Eép§9?61§@cﬁra§§99%5ﬁlé§§h§%&9y1qqﬁ%Q9 %ﬂ%ﬂﬂ%ﬂﬂn

fi h@&%o@@hbrﬂ%&oufsl Fang e rer @aNinerf- fge sUE 1aehaldah as

aromatic . p yan1d fi bers, sum fi bers,. cer

fi Barde-dd ikl R dEet gt rred or
fi betshesi Iﬂltlaérisbe:faﬁh plel Mmdumozdltme dd flieher syon-fibrous
si ld,cqn _carbi de flbe rock I 25 tal, r.i bb

cart d STed TR 07 RIS 1Dy BES Tor Ase TS sayTeles

al S@Cﬂ@d@s@@b‘qarssammbltna:tam@rte Fiditshermsor @altllelium titanate
af quﬁgElon%q Hu%[%o%%%ewﬁﬂi r‘us%qugﬁﬂ'qltrlde

treatlng tHe “SUrTace thereof Wt nown  coupli ng
ag@hltls(km@h ad & sitladive- Fasdd roowdlliing -agericigim 3@rbonate,

ti tanaterhased %%@é rfg_a@:%%m )gl%rss()trr[l%rro‘i}érlfl@ﬁﬁls clay,
tréatnent agent. t he aromati c polyam

f i Berlybsenyme %Sé@éﬁ{dq:nw&hhaéﬁon%t% tidcadaay Wi e
t he ilndy @k o, I lt%tllﬂleﬂl d%@lﬁtebe g&@'ﬂil‘élltl’éed mdtal n

t he r e of 3 to 20 pre rab
Mg el L0020 R LS e gy B EEDI Y
5 pmwtcErby bﬂngchtLead elcatribee. tfda]iﬁfs @afct $dm)lwve:|ag:morof

fh%dyé lé& ar;Qf tICcas]é7 h%?l fﬁﬁaﬂ 4¥ﬂ%§ #ﬁthe
ayer ST Uct ure ay nlnera ess S

by wheilgvt arreirraatnme ptcxiymadqaefrﬂtk@ﬁw :weulgmftgeof g&eﬁ&ﬁ fibers,
wWholdl Y, RF G G %Ql&f??sd%AN 'a'mf Q4amENte 9o LOUGRNESS Fibers

factor is not observe 5 the content exceeds

20 SH&Tt &SP bRdingtRsS tHe ek afr%:;%%naﬁ-ur@mqnhé@arrﬁnqrg brass

i qwb@r%o 1@‘ ﬂlht%ﬂsawchstawe,lwﬁqf Hma i@l yamide
IIy arona I C am de and sol vent becones I(nmfm%
nol d—éﬂﬁﬁq it >9Y erc@d‘};an}}ékl §%5rg @5 estos ers,

unddsidoalilee . fibers, alumina fibers, silica fibers, titanium
dioxide fibers, silicon carbide fibers, rock wool or
metal ribbon can be used. Two or more types of these
fillers may also be used in combination.

Furthermore, the afcocrementioned fillers can also be
used after treating the surface thereof with a known
.coupling agent ({such as a silane-based coupling agent or
titanate-based coupling agent) or other surface treatment
agent.

Iin the wholly aromatic polyamide fibers of the
present invention, it is necessary that the layer-
structured clay mineral be contained within the range of
0.05 to 20 parts by weight, preferably 0.1 to 10 parts by
weight, and more preferably 0.5 to 5 parts by weight,
relative to 100 parts by weight of the wholly aromatic
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10 In addition, if the degree of orientation A of the
| ayer-structured clay nmineral in the fibers is 50% or

nore, preferably 70% or nore and nore preferably 80%

or nore, nechani cal propertlesj(toughness factor) and
various physical properties such/ a5 t her nal

di mensi onal 15 stability are inproved, thereby making

thiso py&heqabl ers ﬁ&gt&%w@[@,of hfayg@lgf&q:&ftured clay
orientation A of the layer- structured clay m neral

parting&al i ks dbees it GADRARES kY tHGoddtige to 100

f orgastes fEPMyd Nent densd 1y Wity bakden Mg aiémg
[%%Le r|§ra1 ﬂ?n reflecltlon }Llna l20(01 r
of & %%3

n%t?%c‘i%‘@ﬂ‘ec?%yf FHRE oS PRt id While if
Teace e@?ﬂi’ﬁ’eﬁ% I @yc i YA pards ;1036 ﬁﬁ@lfghﬁlvl) /tlfg) t)é:arl]'QQJarency |
nt ormula, w resents the._ ha val.ue w dt

(At egs “rEahtad LB THee TR0 b Ao AT Bt vz ed

a bapabyeerahg wiolly dﬂcﬁﬂétm p@wamm arftbldolvent
am d flb resent ,.invention . .
o BB O SOEE ARENS: Lot e R EREl AMEN (Blking this

norendetiezblend an uI timate elongation (E) that is

10% or HL8Gn, LNOTRALALL Ve WISl AR ot che

30 pol yam de(H)? ers that are et el
thelaséﬁ@-r%wmm kR mwmﬁatm tﬁeﬁ g ades fwsbe‘)rQ; or

Wt tde pﬁ%fé%ﬁb s Nt £ORL b i Nb#A preferably 80% or
| ayer - st ruct.ur ed ay mneral. Moreover, the vvhol ly

ar GHES © Ib%%%\rm%eel FRERRAT LIRS t Heopohnetit farkan)i nd

ha\ktﬁﬁlé@fkl%tllﬁ_ lﬁ§]ﬁc530§%%;(ﬂﬁe§5s&@lgtatlét Stkﬂél%agf difehsional
er i cul arl or e er

oy el o T e L ot T T oG qmeseraple.

whduytlasonate ¢ {pod ycm'gm fobessientd8 orFuk tdfertioy e,ayer-

(1 £0a0ESS L0658y (IF) CELECLEHL1 0 1oG8 o i b

e product tensi nmeasur
i n Gmitie ofO@;l@wmmqjemuJamdfmml ripe el et orgfdty ohl stpE)bution

as pEaswed 4 Dopid spd @eff@@t fne?nféﬁ’lectl)%r( BddiZ im a

I f toughness factor is I nprove o0r nore’in

t hi ©hBhrelanasot hfél%tlrwwmu@%%rw getay jmineral
| Myoverkled hessised ass A1t apenta byeakage in the

fibers even if the drawratio is increased (inproved
qual i ty)2 antl8@tenti/oB0 of ¥fhofilaments on a drawi ng

rolirercang sOrh@rd h Wrddesents the half value width
(degrees) of an intensity distribution measured along a
Debye ring of a reflection peak.

The wholly arcmatic polyamide fibers of the present
invention preferably have a tensile strength that is 10%
or more better, and an ultimate elongation (E) that is
10% or more better, than comparative wholly aromatic
polyamide fibers that are completely identical to the
aforementioned wholly aromatic polyamide fibers with the
exception of not containing a layer-structured clay
mineral. Moreover, the wholly aromatic polyamide fibers

- of the present invention have a toughness factor (TF)
that is 10% or more better, particularly 20% or more
better, and preferably 30% or more better than the

comparative wholly aromatic polyamide fibers.
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10 drawi ng decreases (inproved process stability). In
particul ar, an inprovenent of the toughness factor of
10% or nore is preferable since stabilization effects
in the draw ng process becone_|large. Mreover, the
whol Iy aromatic pol yam de fiBet8 of 15 the present
invention may al so contain other additives. such as

an@ue&h@%&b&e heak %b@@hhbé§r$acﬂ©§thQF reskstaB@eto here
agent S, YES, anti static agent S, retar dgnt(ﬁ ? as
tha

el éét eec,féme@oﬁ&u&hﬁvadae neé weeﬁrlﬁe streagh
dogsakeleld"Ral funtite eff gebmsolichberprasenltiRdfte elongation
i nvention. The wholly aromati c pol yam de fibers of thel,2

pr é&enes Mepswriesn ieannbEsprédeesdeny, raredyatpl &, (&)
processl&'%%ug%ﬁ%%sdgﬁéﬁbgeqsb§h9va@@”EbyBO%h@r“ﬁ@&by1n
aromati c polyam de fibers of the present invention can

betbﬂ§dWé@@er25aﬁytﬁepﬁ56§§§t8095rF§Pn§1pﬁéssﬁép%m8Foved
(1xnhRr@pals NG s f%ll'aﬂn@hlﬁgﬂrleqlkla@e( d@pehecmbeeedeeten if the
whol |y aromati.c yam de, l.ayer-struct

i AEF TR O O BRELEOF SGoddaPReT R (Ha e hni A Tetention
| i @i ehobpys fintaiedtci B stﬁeamﬂ&b trod lepi aadngol ifquitth during

L0LR B0 AaERNs om0t gl 0 el S0 dgtkeg, e,

Wett & atnDsphere
drpaHEatuﬂm&atmmglmbeodemwntfpﬁaﬁ@@tgouﬁheebbeﬁdpmgr of 10%
r a0, @l ol NG %&%& rab&gcgqaee %kaellq&ae&eh  E@ckBes in the
whol'l y aronatlc i n pinning |1qu
conltrra@rllmedptr@qmsehbﬁcm@ rl@rnge of 0 05 to 20 35 parts

by me'gﬂkreQ&%&er%%Engo& §0a¥%mﬁ%ﬁE5pQ1yﬂﬁhggtflb@&@ of
particularly préferably

to 5 parts by wei #g
r e$pc PHEF TG0 parrs ipy \Wé‘lygﬁtlsé’f Cﬂ%a\?vﬁololt eare ditd ves .
- bAcpolayamindg.oiiaadel, t het tsltebaqllwee caeaenten:atu on

th | d f, 0.1 to 30%b
s SR S MRS otk Sy

' wometpm@hemabbw el&ctmLaﬁ%)@pmﬂuqﬂHV1thagemes wiilidnin a

ha%:%él tt]'ﬂx%ts%o% | D% Il rg . é’blﬁs ¥Rl cEs2s a%'fy tﬁ%l P3kedne

€ss and nore y to
Fudtivernidiogy- there are no limitations on the process

used tORpILRAIA 1 %r%ﬂbﬁﬁén%dﬂy¥ﬂf$e EXaRlses Ok he present
processes that c be used incl A) a_process in
invention can be produced by, for example, a process like

that described below. MNamely, the wholly aromatic
polyamide fibers of the present invention can be produced
by a process comprising the steps of: (1) preparing a
spinning liquid {(dope) composed of wholly aromatic
polyamide, layer-structured clay mineral and solvent, (2)
- coagulating the spinning liquid by introducing streams of
the spinning liquid into an aqueous coagulation bath, (3)
drawing the coagulated filaments in a wetted atmosphere,
and (4) dry-heat treating the drawn filaments.
The blending ratio of the layer-structured clay
mineral to the wholly aromatic polyamide in the spinning
" liquid is controlled to within the range of 0.05 to 20
parts by weight,'preferably 0.1 to 10 parts by weight,
and particularly preferably 0.5 to 5 parts by weight with
respect to 100 parts by weight of the wholly aromatic
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10 which the layer-structured clay mneral is added to
a solution of the wholly aromatic pol yam de, (B) a
process in which a solution of the wholly aronmatic
pol yam de and a dispersion of _ the |ayer-structured
clay mineral are nixed with“e&d€h~other, and (C) a
process in which the 15 wholly aromatic polyam de is

ad% %ﬁl@e50|§B'QHdQElbhe thQY§51§héHCEHh@Qn%E§Y1on in the
A7 When preparing the s Elnnln from.t

vvh@IPIlymléEIoﬁféﬂpédpéﬁyﬁﬁﬁéérﬁé yrér L Faygpospwu&'f&erﬁ G more

P FRaRAN 1p@6t2%be%yaa€1§h§9léﬁatevbhem&@en@magerably
gU|d used in the 20 present |nven |o pref

Sied 2oy BireHateRg o HRERGYPOn ANCoBRpR BinGa  SPinning
poﬂh@@ﬁd@ﬁstbﬁeiékﬁﬁm adjupeeti @ @b bhelwhelbmd more

aromati c Py and 30 to 300 parts by

we gt e&P%ﬁﬁgtPageP ﬁﬁﬁétured clay mneral particles
re|atlV@m&@hé@&omartsthememghhooﬂ1mhtat25nwhohlyhe process
aromatj ¢ pol yam de eparately p

soPﬁFPo% Bpr%8ﬁ6F|§%ﬁg%Pﬁghﬁ ﬁl §d F%gﬁgéggeﬁﬁ
an@rothaseenmhadeca@fbEh@stohhylad@naﬂﬂd pobyatieds in
pol.y| h’th%nqa§?§'%Qr§@tﬁEbﬂncﬁa nﬂlﬁ%'%ﬁ'%@ %dd%@@&o a

t hat e solvent A and the solvent B satisfy t
fo|s|od\mtng>n 3¢ tordivhioddy aromRidct peevapdyperh e(B) a process

Vi §605introh B8 u$qlowt Idn thedtind13heak ohdk Obol§ahide and
second-1 is 15 to 80 tines the viscosity _ thereof at a

sh@ardlrs@teéSéanfsé@@n&ayeraﬁ&ru(i’é}lrteﬁ’e SHegcBeineyads are

t hehisRlqutdien éa%‘h dtiRegr amat fQCQf la §5o@eb§&®ﬂmﬂuch ghe
times the visgcosity of salution at

raﬁglﬁgybafogégéﬁdpo W@?%%?é?u@?dtﬁeggoﬁ 3 n of the

haviayg ra sttetuattiuveldy claz0 milmieglaldensi ty of

| ayer-s uctur I eral; Lti g
e o S S, T AR, SR LA e oLy
I i @mcuhmccipoltY@geid@erprhwwrst dweurzwsmgqu’celregbuqimhgﬂlneral
%%%Cl@k%%d' b RIS/ tt@lec%%tlrn‘?llln@q_ﬂﬁﬁrcﬁ%écpfln the
ersion Y of he Iayer structured clay m neral

parpt—ﬁecqe@st mwwsm T fEBEy B SRAFES! Ry RrgRpFing @

t h%roqwl@ah%nCIc@&gﬂ%lei‘g‘ eC thoaft 1o IV ithG: tshﬁvent a

t oughness fac t.he resul ting f.iber.s i f
hEHAD 6F ThE MR oA Crsd P de B0 1Ymer, and 30

to 300 parts by weight of the layer-structured clay
mineral particles relative to 100 parts by weight of this
wholly aromatic polyamide polymer, separately preparing a
solution B, comprising the remainder of the solvent and
the remainder of the wholly aromatic polyamide polymer,
and mixing solution A and solution B, such that the
solvent A and the solvent B satisfy the following
conditions at that time: '

(1) the viscosity of the solution A at a shear rate of
0.1 second™ is 15 to 80 times the viscosity thereof at a
shear rate of 10 second™; and,

(2) the viscosity of the solution A at a shear rate of

" 0.1 second™! is 4 to 20 times the viscosity of solution at
a shear rate of 0.1 second™.

As a result thereof, regions having a relatively
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10 mineral to the wholly aromatic polyam de in

solution Ais less than 30 parts by weight, the
difference in viscosity wth solution B decreases,

the layer-structured clay mineral is nore easily
uniformy distributed in the™ #&sulting spinning

liquid, and the effect of inproving 15 the toughness

fa c h n f c es
300 ot e by ey gt The it Sr e Bart on domih by oparELer

| ag@h- §?r9%%@@é@ E|ﬁy8ﬁﬁﬁé¢§|aa@céhﬁgri@HﬁﬁﬁaBPythﬁess

unsHoRAI A1 i §81d ﬁﬁ§éht tbhetRbabik thysehpiNezing the
spi nni ng process may decreaSe. 20 In addition, if the

vi SEBNENI OPLIBERE oN2 AeAt 15 PoREAPLRab® BPNHIOf the degree

Se@@nglspéﬁsiﬁﬁsYtBﬂntﬂetlﬁ?érLBErthﬁﬁéalbYanmlneral
solution.B at a shear rate of ond-

opBF L SR i ol | BSHhOPG! T1BSERT Py uRlERoFALy value,

dlshérbbpednh@ndlag ahéeéﬂEéctth finprating Qﬁeregughﬁess

25_hayi npar at e _distribution density
fang gtgﬁ%tﬁ?aﬁiﬁ h%FSI particl es decreases,

and thHeeéfeEf bhe|nptm0|n@ the feyghnetssuftactred céay

reﬂyﬁggal EB EHE thfigns gmakﬁc gOEE%ﬁF|Ve%g %oqﬁﬁuon A is

ormati on avin

' duéeﬁsbuha@n3aensrty B@ welghyertb@rd@fﬁﬁé@ﬂ@ﬁayn viscosity

m pecdl spantisches ankggseép'EﬂbngabbguéngHEthdtQQay
Spl nni ng_process beconmes excessive, and_as a resu

i NBiBEERS 1 PAERI APSHLESEBLEOTRAY d6SEBLPRTEECGP, t&ﬁd

pr Q§§ﬁ§t§h@bbﬂ3ihﬁlﬂﬁyl@@ﬁ&aasQnd Maeegyeecti bft R@proving
tion A at a she

eERa bt peh e e gL P ERr 15 FRabiEhe \PRCEBR, tneietage. if

atia sheaEdsaB&Oobaiessbgondight,theelayetrlbUmd@huﬁe@31ty
ne .S_easi rody.distri - i
th§¥f?he EQ Rd, Sa§u5£¥gsulFgayh%1Per%%tg§n%% Srééﬁ%ﬁ%ably
haveag ancﬁqpmrandveﬁy BargeudtstthbustehldQMyipﬁ ¢fhe
|a¥S£nﬁ£ﬁ?Cﬁ¥6SQsS|ﬁ¥ ”h@%&@ sharticles decreases, and
he™ ef rOVIX he toughness factor is
reducedIHSa@ﬁth@nothérthénalﬁﬁoﬁﬂt§x@§e§§126lPPn@sat a

- thentaenmakiengeof . &egbeeﬁdhlawqeasg elratd Vel ghehe

di stribution gen3|t . of er sg ruct ured cla§ nerald_1
pal + PEPELEY not heoly Fﬁﬂlﬁg |6u? e&8r FAGSt RE Dpinsissgnd -
prenessa?eﬁeﬁe3ucemeeasb&eyamdneaslalseaubhlyth@lformly

prggg %i% @blllthngg a result, the formation of regions
having a comparatively large distribution density of |
layer-structured clay mineral particles decreases, and
the effect of improving the toughness factor is reduced.
On the other hand, if it exceeds 20 times, the formation
of regions having a relatively high distribution density
of layer-structured clay mineral particles in the
spinning liquid during the spinning process becomes
excessive, and as a result, increases in packing pressure
and so forth occur, and process stability may decrease.
Moreover, 1if the viscosity of solution A at a shear rate
of 0.1 second™® is less than 15 times the viscosity

'thereof at a shear rate of 10 second™?, the layer-

structured clay mineral is easily uniformly distributed
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10 decrease. Although the solvent. used to prepare the
spinning liquidis arbitrary, provided it dissolves
the wholly aromatic polyan de, those consisting
primarily of an am de-based pol ar solvent are
preferable, specific 15 exanpl 2% of which include
aprotic am de-based organic solvents such as

N- et hyl - 2:- pyrrol i done ( NMP et hyl - 2- ol den .

N, REal He: ApPAERC Bhfi e i REPRYF of an s --h' 82" Eegions
t ehamieghyl comparahiéxabgt hpkkghodphor amitdeoandeNsity of

me | bu h e u 2

T BULYEOLPOLOT, Pl DRMAR:Icp} PEDET L LEG0L RS 2ne

t hehesef@beti ¢ dhprheingokhy apughresspbhyanrdas ireduced.
'SOanﬁEeBEHEE EQnéeEf“&Ethcégﬁsr969@18 s90th8 $¥B%mation
fromthe standpoint of spinability in the case of .
poP§nieapheayhanéngsaphehatanedy. h2gh| Alsheipnsdess density
thgepigsept st puephi-en, chblapBALakY patteamesofint hee

spinning liquid are introduced, for  exanple, directly

i nEBL1BALBGuédTYidodyhlRLI 6RChEPANPE DR B OSBSRnBrEOMeS
noefekky¥ikaviang, 18sta 285000, diBehprgeehsl gsabality may
coagulate the filamentary stream and form undrawn
fiBeF5€286- There are no particular linmitations on the
conposi tiiehoalh the agqleeus esagutatppapbaththsedpli@néng
an al.t.hough_th conpasi ti.qn shoul,d i.tably
corselel Ak 5o BT R Vi SRes G S R FREY whor1y
ar amainatipopyaprdédandtbokeepbnasetdingapconmeentliyowdl lay

k”Qm@dégﬂsggﬁ ﬁB?g?lgBhggnQaBQe3§r%9QE§52EUgﬁ%%cific
I norgani ¢ sa t an 0( solvent ca .be use . re )
spespipéapl 9f whichelinRéude apspbircapsppakrged erganic
poggmﬁbﬁgﬁeﬁﬁgﬁngsiﬁ?ﬁ%kh@hagbg?rﬁﬁﬂi&B?eSQEM®@E mseﬁhyl—z-
- metnyl - Z-pyrraol i done , @ . prererapl e _exanpl
ofpyﬁgolagageusgerngsﬁhwggcgteameﬁan]eﬁwsﬁ%ggférmamlder
congembmnathon Qkealdhbaah2¥hlyphesghbranddan aNMPN-

concentration of to 10%. .b iLght. |In_this _cas
CRBEB BRE P RragFane Aniogtete il pahRek ArtgE BT £he
suspabhyngi Lhignid shpgédobe8Butitabl g, sethecicorelisicorto the
ti -t he, fibe [ C . .0 c S . s

P LBbs ey bEoFRe Pabld oA Bt LOBoRORR kY ik 4o
consederable anpuapt ofitddhvéhe remgensiohl the 90AGr A&wnm the

FiReLRabETRYedf LRTLLRT 160394t han BaLh, ¢t he
polymetaphenylene isophthalamide.

In the process of the present invention, filamentary
streams of the spinning liquid are introduced, for
example, directly into an aqueous coagulation bath from a
spinneret nbrmally having 10 to 30,000 discharge holes to
coagulate the filamentary stream and form undrawn fibers.
There are no particular limitations on the composition of
the équeous coagulation bath used here and, although the
composition should be suitably selected according to the
types of the wholly aromatic polyamide and solvent used,
a conventionally known aqueous coagulation bath
containing an inorganic salt and/or solvent can be used.
More specifically, if the wholly aromatic polyamide is

- polymetaphenylene isophthalamide and the solvent is N-
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10 undrawn fibers are preferably washed to extract and
renove the residual solvent. Exanples of nethods that

are enpl oyed i ncl ude passing the undrawn fibers

through a water bath after having renoved them from

the coagul ation bath, and spraging water onto the

undrawn fibers. The 15 solvent content in the fibers

af Lk nYASHLAg -5 1REeRer Ahk) CANLLEkLPdolE 39UnbYe of the
wel ght “or S IS exceede

Wa Bl eREp g@rl@ttﬂ@ﬂehaﬁté t:ﬁéCﬂu@eﬁblpﬁmﬁewﬁé%ﬁtratlOn of

dr aw RG RPLACER]S @h el dndMBY, RAPeashkkntPERBEN of 3 to 10%
resulting in ecreased fiber strength. 20 The washed

un@¥aws ighker s 18 hdsakA sen 5h@ep?@§er§pﬁ5§pﬁgr@peaﬁgueous
pr% g%ql¥lo% Baar m “@hﬁ%apﬁghwWQh range of 80 to 95°C,
S|nultaneously resi uaI nt an |norga Ic salts

suthe asmeaiséionmtémeorifdéhes Sdbemscénbithat congadation bath
NeGesSANYaAke it SR ¢d by spashirgs The 1dr awkRgds.
tenperature during the 25 aforementioned drawing is

sui t abl pigee accordifgredlenamoapsumt §P1¥6NFesemains on

r e%lenlu&arlammt e pandr %%ofvle@erfiomFQhe @zs«a hetiioh theh, the
case the ampunt of residual vent % or w%
rg%ﬁ and

r ePREEFE T & 1ATE SIS SRETGRYY FRE &Fa&aongxtra
Emelf@zﬁ{oa’fel U@ el %‘e@l@ﬁl%ﬂ_aﬁlo)l\f@@mt r OlF_‘.lfod'Lptl@ go ofome@BGods that
ile 30 i.n the case the anpunt i_dual | vent

e i yoos doraticbo BraTRRg 5B, R GER, R trirbugn o
drwmt@g bBeMpedaEur@awangrehmm&bhytm@mtﬁwbmedhﬁod@QQNiatlon
10 [ ra t1.Q | r all

coRCra T 8 SPrgang PRIE o EnEe! thel BaBsl Thexs.  The

1. E@ltvlerlﬁés comntemte laandth:es fépen smorta St ePehdbioy i, Preferably

0. 8.Jhit¥es 1the dypgoaum,d Rn)@ﬁ!ghﬁ:ab'ro 1@fsst, heendrawhis content
fibers (draw ratio at "which filanent, - 23  breakage

bedinéHCE ST WATET EPdWRSBRIER Hedditicc dihe £1DeTS in the

C O @izt Ql&%)w:.n-a‘l SRS 039 vdriaan ﬂa;befes ealsd 1jorfitainaed
driedlug\)6| tenpgerat ure of OOC;E her foll owed by
hot-SFFARY a2 B FELeSShriy Ot ent heat

treat rremheu&narsgnal heatrang fridldrer agre kemWmng.platetted

'Mh%EH% % #ﬂxﬁg§?é¥%b'Jj aoggﬁhp%%fé@iﬂgﬁh w%}le,

manner 5 4 drum-as necessary, Col
or Slseuittamaoexstllyy s iokalpsedessitn@ndoringnganic salts such

CT iAPIAY A%l QHIRHASIRAMSe BMi6 SmAML SWRPldLhd @My, are
subsequent desire
removed by washing. The drawing temperature during the

‘aforementioned drawing is suitably set according to the
amount of solvent remaining in the undrawn fibers. For
example, in the case the amount of residual solvent 1is
50% or more relative to the polymer_weight,ithe drawing
temperature is preferably controlled to 0 to 50°C, while
in the case the amount of residual solvent is less than
50% relative to the polymer weight, the drawing
temperature is preferably controlled to 50 to 100°C. 1In
addition, the draw ratio is preferably controlled to 1.05
times or more, more preferably 1.10 times or more and
even more preferably 0.3 to 0.6 times the maximum draw

ratio of the undrawn fibers (draw ratio at which filament
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process as short fibers. EXAVMPLES The follow ng

provides a nore detailed explanation of the present

i nvention through exanples thereof. 15 In the

exanpl es, the specific properties were neasured by

the following tests. (Intrinsi &3iscosity IV) A test

pol ynmer was di ssolved in NWVP at a concentration of

0. /100 m., and, the visco

Ak T e o L IR R A
whicomdintirdms)i.c vi scosity was calculated fromthis
neasure%. wal ue, ﬂ@iﬁﬁﬁ?yéﬁQ iHE% Sﬂéﬁhéylﬁrﬁ%led at a
splnnlng |qU| asure 2 0C usi ng
VISﬁﬁmﬁﬁﬁﬂtUﬁﬂuﬁﬁmﬂﬂﬂﬁedobthbheweﬁb&dodelb@thbtcdraw1ng as

e ARGRET Ty CBitpl T BRES A HAL LRI n Y Taqy & heating
St wexigtdy; dﬁtﬁa&ﬂxndﬂgﬂgmalon) 30 Tensil e strength and
[timat | {1 . it .
s L 10 Y A R OISR LbGRTIaANER A this

| oadngfe10.20% gihdtresharikdriawi nglr W e rtﬁcezsosarﬁﬂfmqplled or
(Layek: {iy f@éttye%éjwsﬂwm@s%eeopfa@éleraﬁmgplmg as

35 A) The degree of orientation was neasured using a

x NeFTHS Y g AWT AR FHRP Detki O REY 0V H)S |t Uesired
copiddeans £f sHade aimyuss for the target, voltage of

45°kV and current of 70 mA. The incident X-rays were

conver géd®Hd*Eonverted to nonochronatic rays with a

mul ti | ay®ie SE&tIdicing gohottirdeny arennbif e cdetraeiol 4y e@epﬂiamation

O O JERC TN B % U0l SRLE dplna !

X- r ays vths t e asstamgell @5, rtglarsperangfng ];pttcmeert(ﬁq jwere
r 290 mm under
JTEASHT £ DG 1ho

congitlons g? a canera f 250 mm The degree
of or|ent%ﬁﬁiﬁﬂ%ﬁCth§Q9%AﬁYW br surface was

determ ned it e hgnd OldoM D dOTH ain NMP at a
concentration of 0.5 g/100 ml, and the viscosity of this
solution was measured at 30°C using an Ostwald viscometer,
after which intrinsic viscosity was calculated from this
measured value.

| (Viscosity)

The viscosity of the spinning liquid was measured at
70°C‘using a viscometer manufactured by Rheometric
Scientific (trade name: Rheomat 115).

(Fineness)

Fineness was measured in compliance with JIS-L-1015.

(Tensile Strength, Ultimate Elongation)

Tensile strength and ultimate elongation were -
measured in compliance with JIS-L-1015 using a sample
length of 20 mm, initial load of 0.05 g/dtex and drawing
speed of 20 mm/min.

(Layer-structured Clay Mineral Degree of Orientation
A)

The degree of orientation was measured using an X-
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fromthe intensity distribution neasured al ong a Debye
ring of a reflection peak in a (001) plane. A = (180
W w) /180 x 100 15 In this formula, w represents the
hal f wi dth val ue of the |ntenS|ty di stribution
nmeasured al ong a Debye ring of 2¢he reflection peak.
(Spi nning Liquid Haze) The haze of the spinning |iquid

f'EE9d Rk a2 ofel(R1igaRuh@d¥ehng , aruepbioed! uRakk kendtitions of
glwas neasureg usi ng the NDH2000 Turbidity

' NbﬂeK camafvac tiore d higy thingedén vbarnsiyekef @Avé&Vagad gparent

Th' k%%smof %@Qée&n%&%%u?@%]%amerw esmlerg%t 'a‘aldes)

he "l ayer thicknesses o | ayer-structdred cl ay
m nenanerpbaﬂdt itel e®nolsheowed iicn rayer ®fg§hsécfflluéﬁalla:¥|eéa“

' ( TE%FUC%% 2 T A 2 ,m% 8%@%@511@(3@9 % Behien rBh LRy

magni fi cati on: of a fiber Iongltudlna
cr BssssEerieat wlasteed wrn@aﬁrr@éew&o@gewé& VeEtigal

M ¢rascoape ST iRthyed hedddach ofL&@fIaEQbHOWE@a@% was

calculatlon of their average val ue. (Degr

Di gl@él.ssar@ﬁi OPLnGF aayEradnoyldted (Evdy Pﬁhoﬁé’r S he
af Qreentined gl Ly saiomat LR vamide ibhBebs a3%amera

were cut along the fiber axis, and the resulting
| oRgInGidi 19l ao.s e dhico e Iksee Vhoaigadagiop ofghe clay

Maqg Ry C ald & R0 L%y auttrra%rél tfb'lﬁ@w@.'r@ﬁffdll?nula
m croscope (Mdel H 800) manufactured |

[ Gom When WSS A hrth TSRS el GGRS 7 yebye

of Hieg VIS a ine A Ehaeas iim a heogt apea@fe .the fiber
cross-sections 5 were observed due to the effects of

the af oPerfenthi&hed WI/A8& *sti@¥ct ured clay i neral
part &8s FJrmid, R pldienteh el et 16T agsttseaidlonalof the

o Sl RN S e demes) o ASBOTRON XL or ene
fi@@ﬁiéﬂtﬂhﬁlp&ﬁkby the aforenentloned 10 formul a
1Sé)r rmvvflz &ﬁ)l{pgy(l}lat e Ug%q_{an%t o the foll ow ng

The haze of the spinning liguid filled into a cell
having an optical path length of 1 cm was measured using
the NDH2000 Turbidity Meter manufactured by Nippon
Denshoku. .

{(Average Layer Thickness of Layer-structured Clay
Mineral Particles)

The layer thicknesses of all layer-structured clay
mineral particles observed in a cross-sectional area
measuring 25 pmz in a transmitting electron micrograph
(TEM, magnification: 100,000x) of a fiber longitudinal
cross—section measured using the H-~800 Electron
Microscope manufactured by Hitachi, Ltd., followed by
calculation of their average value. .

(Degree of Dispersion (Y) of Layer-structured Clay
Mineral)

The aforementioned wholly aromatic polyamide fibers
were cut along the fiber axis, and the resulting

longitudinal cross-sections were observed at a
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The average value of Y was determined fromthree
nmeasurenents. 15 (Sol ution Shear Viscosity) The shear
viscosity of the solution when preparing the spinning
liquid was neasured at a tenperature of 70C wusing the
Rheomat 115 manufactured by Rhéénetric Scientific. 20
(Fi ber Solvent Content N) The fibers were centrifuged

foﬁa%Qz?&B%E?ée(Bgtﬁb'” o§p$§@ho§099aﬁeﬁhteahgr h%ctron

amnng an urs I n nethan
exhigepschpesdMpdat an§0@ét@anpﬁaﬁﬁéreﬂubérﬁltﬁﬁ@lr

“eWﬂgh @h tEgtgﬁtE@@QEC@OEQEboglwgfaEtﬁ&u%él@%&r%gt&%glons

bers wer e measured an
thénsuhvéhtcmengﬁﬁ don&bst BERLENOE EYp faberneregsaections

wagedet hakped gt %og%aecefqgatggbaphhef@Eb@@@@anOned
cal cul ation of the solvent content N accordin he

f ollbygicngttocturgd 30aN miperadoprrRrVRELRS RX0 5 um— of the
(be@@?%@dBEgégéggkcélghgﬁa g%ﬁ ab he &%%%h&b@g ¢rAMYegree

bers were wuniformy tormed into a fiber bundle, one
en@foﬂlﬁﬁ@rSﬂpBeﬂ @én&h@ %&yeFWﬁ§§PP¢Eé§daﬁéaﬁh@ﬁqﬁﬁ§l

bupdh-@ iwagsClt 3peSEibRals b@edeﬁﬁbﬁ b?hkh% @EB&%Mﬁﬂtloned

fron1the |nnob|I|zed end, ta

of TPEIERENIL) ofreh 360 LEiter aﬁ&ﬁ&ﬁéﬂﬁt tehitet if Ljvaér'smg
degsbgrattead as H Next., the fiber bundle was noved
back and forth 10 tinmes in the longitudinal direction
in a ba¥h (B} Fed S/ )wit P% (I ongi tudinal width: 0.5

m, afteheWhiehalgle vhilRer Jsundhe ssdeas raked Fwom three
foll owed by counting the nunber of filanments that

r eREPABGST'R FRe bath. This procedure was repeated
five t|nes1andohhehbakawimumhemyof filaments that

of br ok GRST FPAREn S S SHes00 L% ALt g EPEHaring
cakﬁelab@dnm&@nglqbadf@mmuh@aﬁek@w amdath@merature of 70°C
R R e
Scientific.
(Fiber Solvent Content N)
The fibers were centrifuged for 10 minutes (rotating
speed: 5000 rpm) prior to drawing and then boiled for 4
hours in methanol to extract the solvent and water in the
fibers. The weight of the methanol solution M2 after
extraction and the dry weight of the fibers M1 were
measured and the solvent weight concentration C (%) in
the extract was determined with a gas chromatograph
followed by calculation of the solvent content N

according to the following formula.

N ="(C/100 x M2)/M1l x 100

(Filament Breakage)

A plurality of the resulting drawn fibers were
uniformly formed into a fiber bundle, one end of the
fiber bundle was immobilized and then the bundle was cut
so that the length to the other end, from the immobilized

- end, was 20 cm. The total number of filaments of the
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215 g of pol ynet aphenyl ene i sopht hal am de havi ng an

15 intrinsic viscosity of 1.35 dl/g were dissolved in
785 g of NWMP and stirred to a uniformy transparent
dope. Separate fromthis procegure a layer-structured
clay mneral in the formof "a EnBctite clay m nera
treated w th pol yoxypropyl ene nethyl diethyl amoni um

chkebbefbaadﬁbra@egﬂa@gtlh@caaglHgsﬁaNatga @@ H. Next, the
ca m Xea an ers
co%& ﬁFréngi Waf%?ﬂyeﬂeg ﬁ foFEEuPP. @mes in the

|ayehgstnu@haaedlﬁb@ylﬁhnahab 5esﬁef§nmadma&tha@deérto

haEnabebrehaT hEGR% He T o S FhF Badgrny 0 £ B8 bunae

stwasingkén puep&b&l@w&ﬂl%WIﬂguhtﬂugdtbéop&hbefhefhaze

of .the re n e .was, 2. degass

e EiremRgtobb Y FERELAED: Znathel heEh neting elgrthure vas

fikapeatadyfsVeeaumeﬁramdat@plMQEEétnhmbemgoé dapaments
d'%HEEeEe8£19e971H”E%%db%Q? Qg'eées&EB?E'ba%%”ﬁﬁfyT%Q
treanms were | ntroduced coaqu ion ba

conpobed O@fbaokgwaéqdéaﬁ@t@aﬂ@l&ﬁp@ﬁlmrléé s@lsutihen
(Ceﬁiéh@hegdl%%lhﬁ WﬁngbrNNEE BE1§§CanQthH@e@as repeated
coagul ated at a spinning speed nmm

washir &g, tﬂﬁésr§§uﬁ@¢ﬁ§maﬁ@r§%ﬁ aF?EéE@ M@ﬂ@edramn to

2.4 timgs_i 0 ter ~f ol oype d 35 by drying at

120C agg thganEEng{ﬁﬁggtg grgmnng heat setting by

1.75 ti B¥ampie380C to obtain wholly aromatic - 27
p0|ya”1QQSfbb%ESp%Q?h%%%F%Qn 1%%¥e&s§bh%QEQ%%ﬁd%|%ﬁv1ng an
m ner a Measur enen gltu i hal cross-section
flPEélPﬁﬁénﬁﬁF§oﬁ&tYEMfdéw@és? dBeHetRafisRe 3@@ré&e785 9
IayngFblahaesgéakeah?d éé@hlib&ﬂ@@ut@gn%b&%emrn@b@e
papticle S m I n addition e deqgree

DS hEEEenTAORT tERS PAYEACbrPacrtBoE By Thctirgd clav
pamihelred as ohtaifpeth foform tshectésel tdagf mineayl treated

di c et I g Lt ]

el %%éﬁt B30k Bb Y ehes metiy B iBEN 3 ot sl R ogi e
10 trbdﬁsnam@ s howenita tEalsPd, 1Co Brafperizaliolayp mlxed and

ar@ﬂ@bé?s@@'Xﬁ”Nﬁ@ Ebb%r%oﬂ%%h@QaEQSn B@MR&Si 9Bight. The
shown in Table 1 were produced in the sane  manner -as

.ExéﬁEPétinﬂAFHY?HeS§%@§6PF§ﬁ rhay BABerPte dispersion was

added to the wholly aromatic polyamide solution so as to
"have the composition shown in Table 1 followed by
stirring to prepare a spinning liquid (dope). The haze
of the resulting dope was 2.41. After degassing the
resulting dope, it was extruded into the shape of
filamentary streams from a spinneret having a cap
diameter of 0.07 mm and 100 holes, the filamentary
streams were introduced into a coagulation bath composed

of a 43% aqueous calcium chloride solution {containing 1%

by weight NMP) at 85°C, and then coagulated at a spinning
speed of 7 m/min. After washing, the resulting undrawn

fibers were drawn to 2.4 times in boiling water followed
by drying at 120°C and then subjecting to drawing heat
setting by 1.75 times at 350°C to obtain wholly aromatic
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15 layer-structured clay mneral (trade nane:
Lucentite STN, Co-op Chemical) treated with trioctyl
nmet hyl amoni um chl oride was used for the
| ayer-structured clay mneral. The haze of the
spinning liquid at this time-was *.92. In addition,
the average |ayer thickness of the Iayer 20 structured
cl ral r icI S m
o EEATAREY Ao Fhh DR e ¥t aias e
el ovigatriadn aM@atsou@kma@sts dfacter l@ﬁl@)lt@ﬁlmé crngwﬁaa@guon
fii r in ratiwv

%%réh% %1§@m@ﬁts égﬂﬁ?ﬁ,#e CATRBLALIV ¢ H g&bggl éﬁ%ge

Whol' |y aronmati c bers were pro
saﬁ@ymnﬁ@rlcé@e@samﬁ é¢he Viatyle rtisé rexcepeido s 1efy ﬁ@tneral

CORLakRIAG sl FHEN oFf %Pt ured o6l i BnNehdle dHEdLR | e

strength, ultimte el QL ation and t dughness fact or
(TP)fle@fCaﬁiﬁé’nr és @t |tr1i1g3 iAyers sraciigry icd avaptigeral

arfakhe sl AnopfiidamaDetie@esults of X-ray
of enS| | eUl ti mat eToughness

ayert R e8s 8iFi% i onder &RgcHeroFFEE G actPr-imate
St fe%h@mdb@ht exmt@fudmé%_ (felNrdtreX)IEY) oFf ayst nmectilreithg

m alcla dmne (WM % particles (% Ex.
12%351"‘3?29?% abf (fx 21915. 5628. 934
Conp. OZE%@@eS%Q 524 Ex 1 Exanple 3 0.16 parts by

ht I
ot T nsp R aR R PSan g R el el o
1. 4empastis oy wéxogfm igf TNMiearld wetrier pagduc@da in the same

UNig-QhRlY Al @%%Hgﬁ%n 1 4ARS: t@xel %x ?ttS_L oY t\i\{ea'tg hineRitite

|a er--structure cl ay m ner al f or m of
Yiets SEEAF tHGFET A1 SEed adi t(ﬁr FoIey BSrop e ite STN,
nEth%bpdEﬁbﬂMbalgoﬁ%@ﬁﬂ@dﬂﬁﬂﬂm Q&h@%t@ﬂr&@&HWﬂﬂ%mmonlum

ég%@ﬂPgﬁﬁgaggsb§m§¥fﬁ¥¥hgﬂi 3ayer s rué%ureé)clay mineral.
The haze of the spinning liquid at this time was 1.92.
In addition, the average layer thickness of the layer-
structured clay mineral particles was 86 nm, and the
degree of orientation A was 91%. The tensile strength,
ultimate elongation and toughness factor (TF) of the |
resulting fibers are shown in Table 1.

Comparative Example 1

Wholly arcmatic polyamide fibers were produced in
the same manner as Example 1 with the exception of not
containing layer-structured clay mineral. The tensile
strength, ultimate elongation and toughness factor (TF)

of the resulting fibers are shown in Table 1.
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prepare Polynmer Solution A Separate fromthis
procedure, 17.44 parts by wei ght of pol ynetaphenyl ene
i sopht hal am de were dissolved in 63.68 parts by wei ght
of 15 NMP to prepare transparent Polymer Solution B
After mixing and stirring the B3 yner Solutions A and
B, 17.08 parts by weight of NMP were further added to
this mxture to prepare a spyggingyliquid conposed of
7.60 parts by Plﬂhf of pol ynet aphenyl ene 20

sopht haPai d’é OE‘l 8m §3e@ e%vé;i r T%FFSlE.ﬁC nﬁ_’?‘flé“aSF’N Toughness

[

dt rade| n %lé a%rtli ga(tt l}j éon factor
spinnlwatTV:ﬁ?%? “R¥at 4 X0 BEC, 4 “Uded ‘Th the

flor m of :ﬁgagnent stream splnneret aving a

hole d 0. 07 mm aqgngggo hol es and |t hen 25
introdJceqwimto A coagul ptd.eRibraish jat 85C tg prepare
undrawnh fibers. [The conppsitiien of {the coaguyl ati on

hat<h 1 consest ed pf 1409 by weight off cal.ekumichl &F.i7de, 32
9%xby2 | wei ght _of | NMP2and| 55% %y _weijght5.6f wat er 28.8@nd 34
t/lfempi pmer s@ on | endt-Bé (ef f ective cqagud-8fi on baths> - 24
I

éfgth) was - 291100 cm After padsing thetundrawn

fi bers through the coagulation bath at a speed of 7.0
rn/mn, ghediders were tenporarily pulled out of the
bat h |an—arr“Th coagulated undrawn filanents were

sequent %1% Rﬁa%“r%oby TS QF (17 DIHE IR Y wftRous
Waslhfydtgmtbeémm&@aqatﬁtrad ar nifﬁiﬁimdlmdtﬁsiﬁy%f 1.9 dl/g
washi ng Furt.hernore ter
e S S SN R ey B et 8% Amf e stirred
t hitrad a/vaﬁtmftg:ntﬂ@t hsrarNepd pertthedawshed) . Bhdoamds awn weight of
f|| Se 4 i 1

PR GE A ff ddfiited RDnd Gy 10r BpndSbice
seccdrﬂi/s nimneotl visteated wiod: mﬂeycfwmﬂlse%r@ethyl diethyl

dr V@At s urk r@at &0 by W g g, O 0 BudOht fe h@ﬁ/m ngcéLop

surface tenperature of 130C. . Subsequent]y,

f| IS R e ree rirafied. v Wh%deﬁl%OJe%?W%%t}PﬁgSW%l“g to
a headddiee phatend®. Scmyﬁmh & surdaser é@émﬁmhuml@f

330C to roduc neta henyl ene pht a
e R e P eﬂr%fe I GnSfafegyiene
thaamﬂﬂmimgwrmésdﬁve@l\hdtm,6&rmlarhs by weight of

ul byt €Lonaatl on, s, 43, 2% pd 1 JPS SHR S4% T L1 0

After mixing and stirring the Polymer Sclutions A
and B, 17.08 parts by weight of NMP were further added to
this mixture to prepare a spinning liquid composed of
17.60 parts by weight of polymetaphenylene
isophthalamide, 0.18 parts by weight of Lucentite SPN
(trade name) and 82.22 parts by weight of NMP.

This spinning liquid was heated to 85°C apd extruded
in the form of a filament stream from a spinneret having
a hole diameter of 0.07 mm and 1500 holes and then

introduced into a coagulation bath at 85°C to prepare
undrawn fibers. The composition of the coagulation bath
consisted of 40% by weight of calcium chloride, 5% by
~weight of NMP and 55% by weight of water, and the

immersion length (effective coagulation bath length) was
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20 4.7 (draw ratio/ maxi numdraw ratio = 0.51), k and
the solvent content before drawing was 5.0 parts by
weight relative to 100 parts by wei ght of the wholly
aromati-c polyam de. In addition, the nunber of broken
filaments in the 25 above- mentd%med spi nni ng and
drawi ng processes were 6 per length of 15000 m and

the [degree %Iftdérsgﬂs%ﬁgg; Yy e Jéyﬁbeﬁgg L@&f&@% the

cl ay mneral test results are shown in

Talslc@ L abdarplleath 30 G 3Pqest taf bl Qe ghitn of then el i were
pO't)éFrPﬁoaszleﬂys} %ﬂﬁlécﬁ%@fﬂ hat éj%ap&i/\dﬁitdi%%ﬁ i N The

Exanple were di ssolved in 6 6 parts by wei ght of

Nwwléf—qcb undye v Hrlanad s Wetl”r%m%ﬁfﬁ%eé?ﬁl ¥igshed in
S Ol g4y AN ¢ 1 ARy P AH 1S P Yo MRI G v@éshlrﬁ%’eda@{g uctpfettotal

clay mneral in the formof snectit 5 clay m neral

(t RS LR iRemS e ispNa o Bhem T a9CORET e
adged-defl % f qldiued by, Sﬁén{ﬂéf};gcdﬁ RePe wadlused for

Pol ymer Sol uti'on A. Separate fromthis procedure,

13.59® HHarsts WQ@}gmhzgfd Y SIHEr R g endlext, the washed

I scaom hal &l wle MerdnerfiSSAMEd i S 40 PaRdS By hot water
wei ght of NWMP cooled to -10C to prepare transparent

Polafinét5°Se| andor fBerswABhandmbyi 9N usnigr rt|0ngrrm¢é“se for 48
Po ég%négﬂ;gkeQ§ 7 é%n%g?5¥%% 7%hpa&ﬁia%%nW%|%%Ee dry-heat

wer e I adt I"$ M Xt areto obtdi N a
spltmzﬂat@d imivdi rotimp sed-ofa vl Bor ﬁmﬁsnd)ya vl gffetceof

eI ket 10 BN 160PRPAIE idhte) it e sBepse §ore
by dmemghtl Of5 M\ﬂaeska&M|mmﬁ1rq;J|mm$ Spzatiargl plate
wn according. to the sane CO%‘lp s and procedure

AT & 34T G0 d RS 15 g produc
|s¢m11ymaaltaaprd£nﬂldrm" &ﬁt@hmgafan&edresﬁlb@rf52 Ihat®dneness of
tensile strength of I\th n uItlrrat
el gcﬁlgastel ognlbo r.gs4é-xa,o§)/026_|2ﬂe nuerfﬁe‘rstﬁ%ef’ a%r%?(en fs?r%e% i ki >-16
t heMalshes:, reomd |mm19mmaumgemm@nrmw n@aw@%e%@es
wer e 10'1@?&( mal rhg.%]rrh d%{a»}%%@ h%&?@-[rﬁéﬁ&f ned was

di spersion Y o ayer-structured m ner a
25%- ﬁh@i#%tr%@sqﬂm@lw ac%réavswmwcprﬂ%&?e 2% and “he

solvent content before drawing was 5.0 parts by weight
relative to 100 parts by weight of the wholly aromatic
polyamide.

In addition, the number of broken filaments in the
above-mentioned spinning and drawing processes were 6 per
length of 15000 m, and the degree of dispersion Y of the
layer-structured clay mineral was 3%. The test results
are shown in Table 2.

Example 4 _

0.32 parts by weight of the same polymetaphenylene
isophthalamide powder used in Example 3 were dissolved in
©.46 parts by weight of NMP cooled to -10°C to prepare a
transparent polymer solution. 0.72 parts by weight of |
layer-structured clay mineral in the form of smectite
clay mineral (trade name: Lucentite SPN, Co-op Chemical)

were added thereto followed by stirring to prepare
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Tabl e 2 Exanpl e 3Exanple 4 Layer-structured cl ay

mneral wt% 1.04.0 Solution A viscosity: 2730 3420

Shear viscosity: 0.1 sec-1 (poise) 9095 Shear

viscosity: 10 sec-1 (poise) Solution B viscosity:

420410 Shear viscosity: 0.1 sec*’1 {poise) Fineness
(dtex)2.262.18 Tensile strength (cN dtex)5.175. 32

Ul ti R e lngaatin 2@ 3 524 v rioughiiessh f A cedure, 13.28
(TF) 3 540 6 Filanment breakage (no./15000 n)610 Deg rg

of FREens Wl%WMZQMY%WWE‘ng% Lifoinide were

Car y: r 0
vve:%g.%éar r"l%gid 12314‘%204090% ng %3/5 Vzeﬁe sarrr]‘%]f g\gan%r%cglnésﬁma% -1

pr dce dureP s E@mﬂp@@nu—mer S0 ¥ Hokgh Rhe sanme
Spi nni ng, SOl Ut O s a@@%l%l%.ﬂ@sthéjsﬂyﬂgﬁ Sf!ﬂltutlons A

water draw rati o wdas tinmes t he Hot -

Po|%rst&%tW%rpaxtsséb'aﬁ»@@fm?ﬁtW% ‘]tﬁliﬁ:eﬁi{ﬁté‘er added to

13.t28 s RALSAY WeidHHai6f PApaTRiaphenyd ene composed of
|sopht hal am de were  di ssolved in 48.49 parts by

veilght® bGP 6IMsd A Cfo @O 1 aishahE Y $:hspar ent

Po:lxemiht?b@{llamﬁb B.6 BOAfd0st 9riby nge gtk éf riidntiiee SPN
Po Sol uti.on

0.,73 ts, b ht of
NI\/F“_V@rdée Ef’)ersréfgge%netdé’aﬁﬁ é‘%“ﬁ%‘ta’ﬁ?@t 4 \A@Egl n g
spi nni ng‘Hajsqmpirﬁmnms]ed;Lnfd wWlals 6pyoardrsd bglrawm ghtcofding to

20 RSP 1) T L gn 20 BI920 o rouuc

by D@Wtaﬁhﬂmenﬁlﬁmmmidquﬁmm lwwm%nﬁlneness

df%@zall%ofd%&g t&ndsfﬂee fo@%?%ﬁi&%@d%ﬁd
as Exanpl e to produce _po yrret aphenyl ene
s opHt i i e d e Rdvidiy 3% neness

The number. of broken filaments in the above-
mentioned spinning and drawing processes were 10 per
length of 15000 m, and the degree of dispersion Y of the
layer-structured clay mineral was 25%. The test results

are shown in Table 2.

Table 2
Example 3 Example 4
Layer-structured clay mineral wtg* 1.0 4.0
Solution A viscosity: _

Shear viscosity: 0.1 sec” {pcise) 2730 3420

Shear viscosity: 10 sec™t {poise) 90 95

| Solution B vwiscosity:

Shear viscosity: 0.1 sec” (poise) 420 410
Fineness (dtex) 2.26 2.18
Tensile strength (cN/dtex) 5.17 5.32
Ultimate elongation % 43.2 45.3
Toughness factor (TF) 38.5 40.6
Filament breakage (no. /15000 m) 6 10
Degree of dispersion Y (%) 3 25

*: Based on weight of wholly aromatic polyamide.
Example 5
Spinning and drawing were carried out according to
the same conditions and procedure as Example 3. However,
although the same spinning solution as Example 3 was

used, the hot water draw ratio was 2.8 times, and the hot
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of 2.18 dtex, tensile strength of 6.03 cN dtex, and 15
ultimte elongation of 45.3% The nunber of broken
filaments in the above- nentioned spinning and draw ng
processes were 10 per length of 15000 m and the
degree of dispersion Y of the Alayer-structured clay
m neral was 25% The test results 20 are shown in

Ta . I I L r-structured
leant%ne;%keJ %%%i%.%%grﬁglgogéov?égo& ty: 2730
34213333h1m:raphesgd$'rtey i@ﬂu@erlalnxqmlwelﬁog&ﬁemtalned

qjgg!t ( | Ut i 0
420 g?%ear vffig%os rit ? Se%g 61% 20%02:35&%6%% ﬁde%}rgss%le'
( dtshe)en R o1 5Te4|95,|d1\b16§1€r>e|@g”td1 YIdN/meittesx e Igmiged 3n of
Ul tigreiee el ongation %t3. 245. 3 Toughness factor '

(TF) 38.540.6 Filanment breakage (no./15000 m 610 Degree
of di spdinsi grpainuy 3w radsed okl WHitshalraing

ar YEddes PQlan de. (dr@&ﬁ'ﬂ%lﬁ&/n?a@cﬁﬁln{"&if&r andt i ani 1%0)

were carried out according to the sane conditions_and

pr eeHUE &0 ediiplcertenovdydite HiRsudh iHe ts%r%rawmg
Spiwyy rfgoscgiaﬂﬂsorbﬁs«@gamolﬁal%ﬁmﬁe ws e o therhwtby weight

wat e raw,r t|o vvas ., ti and the hot - 32
Tail B @&‘Fﬁ‘f % Layer-structured
clay m rIeraldth%‘oh O]tkfb nirb NV £ dideeitdn | L Lngkraly#) in the

f bf‘a’:l.rbse rpsp\‘{vvassA% %]é%: QL%H m dfha}aw ‘crea:st tI or4é s7u4lt7s4 agre shown in

Table 3.

Example 6

Spinning and drawing were carried out according to
the same conditions and preccedure as Example 3. However,
although the same spinning sclution as Example 3 was
used, the washirng time prior to hot water drawing was 34
seconds. Fibers were obtained that had a filament
fineness of 2.21 dtex, tensile strength of 6.12 cN/dtex
and ultimate elongation of 48.3%.

The maximum draw ratioc in the hot water drawing
. process was 4.9 (draw ratio/maximum draw ratio = 0.49),
and the solvent content of the fibers prior to drawing
was 14.0 parts by weight relative to 100 parts by weight
of the wholly aromatic polyamide.

In addition, the number of broken filaments in the
fibers was 2 per 15000 m. The test results are shown in
Table 3. |
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Draw rati 02.42.82.4 Draw rati o/ max. draw ratio

Rat i 00. 510. 600. 49 Fil anment fineness (dtex)2.262.222.21
Tensile strength (cN dtex)5.165.496. 12 El ongati on

MA3. 240. 748. 3 Fi l anent breakage (No./ 15000 m 682 Based
on wei ght of wholly aromatic pd3/ani de Cont ent per
100 parts by weight of wholly aromatic 5 pol yam de

| NDUSTRI AL APPLI CABI LI TY As whgl Lysaromatic p(cj)l yam de

fibers of the present _jnvenfion have inprov
mechanical erpnm“h degree of el nwﬁmlfmi-ﬁ dfdExample 5 | Example 6
t@.y%rﬁ&sectfug&f_&laag@mﬁﬂ%r od_with*fiberk 010 df tAed 1.0
R nt;on,_i'ﬂ:pt A&t WA 5s \/cF\chf uctirned r*__a\115'0 14.0
agimun draw Latio oo oo o v ol I - : 4.3
T The) Yanbe_used avariousaghlcaiong-fhay—
‘rﬁ%ﬁ A AN TR I :‘::' “Ratio | 0.5l ... 0.60 0.49
A R B F L TP OUUCTon v'wfg}?ﬁ‘ﬁ_“%‘ 2L TPIESetS .21
"I‘é\’lgl}_ﬂ:é d 'ren'gt'ff" otturrerce U'(cﬂl}dt@iﬂf" 18 ILSI_ Y@f\ldg.cl Gt 49”9 6.12
-Jggoﬁ@gﬂelng and drawng cam be (5§ OULET g 3a5T0 1T DE, 05—,-U| 8.3
Siabheht BEEkREY can be St Ysqpoguted  rgidustirial gy - >

- 33 CLAITMS 1. Drawn and oriented whol 'y aronaticC
pol yami de fipers conprising a resin conmposition
conpri st Mt ek SdorffosetP by £ MRTHF drohernide
pol yﬂam drtesitn patd 10y @arts Yy waliyred o ayhdl Neratomatic
partl "?t?dl spersed and distributed in an anmount of
®arts by mass, based on 100 parts by mass
of the NBDUSTR TAL HRPIMEAE I, ITY2. The whol | y aronmatic

pol yam qke.s l?ﬁrl %%’o%aatlc c%%at?%%emf‘é‘.’ber er ef rlche present

plurality o glons
| ayigywegttrigpet Lh!rae’@ OJHWWGQH@CWJIQE@J esrargrth, degree of

di shrdystadn e troe.lgq{d t?:lt}bq-:'ssg nﬁ}g%&f\l\% 111} fibers

density, are scatterl ng ute
ar SHatile pabpaniadd nalt rq%t@nlﬂge %@M%r‘ﬁwt‘ﬂtmd clay

polmamxdﬂ [ iheRs s qﬂeald@éh kD variGhal MpbOfcahions that
pal yam de fibers are

| enthevvh aromati c
or et VARG B it S BTGt LSEadi 1 ark? addition,
Cr@s&-c&etJMgoml threofid@iar oo hsercsed Wit kian present

invention, the occurrence of filament breakage during

spinning and drawing can be reduced, and fibers of stable

quality can be stably produced industrially.
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el ectronic m croscope at a magnification of 100, 000,

and in each cross-sectional profile, a total area Sl

of a 20 plurality of regions in which regions a change

in conditions of the fiber cross-sectional profile

due to an influence of the lay&-structured clay

m neral particles distributed in the observation area

S2 of 25 }ant is found, is r@asyfed, the degree of

di spersion Y of the Iayer 25 structured clay mnera
particles i n s farsbror dutteedhdil tt e aswptat ¢ gpof dymide
Y(Oéllcrel(sgjclo%@rlxs ]r% d Wesip & Cgﬁctk%tﬁ%?ﬁ%&ﬁpfi@ﬂ& 4 matrix
to 40. 4. aromati c am de fibers as

cl a%%aoseb qﬁn aar'rgh%lrﬂey oﬁfrcemaatwﬁcis pph@ﬂed%fe%nh ap@ layer-

| aysf med il dreds v %ﬂefﬁﬁ%ﬁtf&f% iSepatsd®asidone

sel ected from hectorite, saponite, stevensite,

bei Het T Rt et it 130D L arftt Cd1q i3 RALE BY mRRs
whadd sedranetd © motyam@andddeds @t edawmd 35 the aytrix.

one of ¢ 3,. wherein the la tructured
ooy i e al B (19 e RS U G (S a5 claimed
i ntier ozl st Mg, ammtem B 1 bralfitey Wioldegiasrosmtic which the
poI e f ber ai med ny_.one of cl ai 1

]}\;ﬁ?}% i ]’iLth: rae;%rc(‘law chtneJ:eag.L ap ré:ylcmenseraa € gf’strﬂ?uted
par]tn d ex lwhvierealy atweﬂag@shalyeautumrcldmw, dfeto

5OO$5HEteﬁ:lr1g @%M };}’u‘,‘ﬁé@nﬁ{ 'ﬁméo Meagd §c aﬁolyamlde

cl al med one of al ms rein
IaW@tEﬁ%uctured cl ay m neral partlcles have a degree

of orienatiaheA @fo180% WndDiE, pdit(e}}a%[ iAdedibdrs as claimed
accordepce with the equatjon (2)

w) EB0TL3EM 00 q2)2 1 iR o' )th%m%ﬁéélﬂé%‘“%th%lf
Valptﬂya/nllldieh Ofbeads lameertsms/sehﬁ rd g Ctnléjeﬁﬂﬁéﬂ‘ neﬁles, the
n an t analysis of t structyred cl

m A L R B S o oy, G TTng o SPTETERITb o7

peaﬂdecrtraorm& (rﬂo.‘.]@oqﬂcame af 4 headrayfdreadtirarctaf ebIO@J @QO, and

m ne&{ aéacl‘p%rtciscsl-—eéactional profile, a total area S1 of a
plurality of regions in which regions a change in
conditions of the fiber cross-sectional profile due to an
influence of the layer-structured clay mineral particles
distributed in the observation area S2 of 25 pm®? is found,
is measured, the degree of dispersion Y of the layer-
structured clay mineral particles in each fiber, defined
by the equation (1):

Y(%) = (81/82) x 100 (1)
is in the range of from 0.1 to 40.

4. The wholly aromatic polyamide_fibers as claimed
in any one of claims 1 to 3, wherein the layer—etructured
clay mineral comprises at least one selected from
hectorite, saponite, stevensite, beidellite,
montmorillonite and swelling mica.

5. The wholly aromatic polyamide fibers as claimed
in any one of claims 1 to 3, wherein the layer-structured
clay mineral particles are ones treated with an

intercalating agent.
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8. The wholly aromatic polyamde fibers as clained in
any one of clains 1 to 3, wherein aratio (T/To) of a
tensile strength (T) of the wholly aromatic pol yam de
20 fibers to a tensile strength (To) of conparative
whol |y aromatic pol yami de fibers identical to the
whol Iy aronmatic polyam de fibers except that the.

| ayer - <.r uctieedstad idy @rﬁﬁfaﬁjld)@fdliy@hﬁﬁearfﬂﬂéﬁts as claimed
cont ai ned

whol |
o O 015 S ks 65 St AHREE L% ATy SO GTCFuctuzed
cl @iy hinerdl wheardidles hatvieo afE/abe)raafe dayad timatlemess of

elqb act|%rbo(lf,)mof the wholly aromatic pol yam de
ers to an Ultimate el ongati on (Eo) of conparative

whol |'y &r.omatlitee pdlodani dedmaieics fcdgmical ftidedwe as claimed
q_rl yanert %Qiearo alcin&plly%'g fdhké%re e)f:%%mlah)@zt §mctured

Iayer- ructure ay m ner al’ partlc es are
cortl@yhed nadedr giarticles haote Rordegre® ofhendlfgiiation A of

ar oyl iy RRIAMAR b6l % dRiJRAndd Abh ¥k cgciuatlon

claims 1 to 3, wherein the toughness factor 35
of %He whol | y aromatic pol yam de fibers defined by

the equaf, |ogn=( )i1gl Zwh /0808 X14003) - 35 In which (5

equation (3) represents a nunmeral value of the
tensile strerig"t ledutuinn @ gM TERgGIESENd’s & e Mhdrajue

ar QIRIHIC J30l AN AL fdieS $11and: By tieRy %l%ecrétr%u%ecﬂur@{ aAn X~
val ue of the ultinmate élongation in unit of % of he

whd1aY, aRedmkriSc Yol bilde S SEmiC g esh SR

Th@aa\M‘lﬂdl)ésar AL PUNAE darfd ke & Q‘%f@e&itﬁ% pdrk in a
t he t.enaci

¢ e mere'ﬂettﬁ&rﬁ# 2 i qhetkel et o

th@atrenaﬂJetsy factor (TFo) of conpar atlve whol | y
aromat i B. 10 %Jagfeqﬁ. fI<5\b1*ec>rxnsc’:11',lJ.dcent Ilﬁ/ il tcﬁ tﬂ%ers E:!\Q/ claimed

aromati ¢~ polyam bers excep
| ayiar astyr weteu ogd Glagyes i iy &, parettiedine st ared inpt (T/To) of a

contaidiad tsh:%re‘?ig%h i eryl.ole Ctrhe qu arl%\ro A Yyami,de

aromati ¢ pol yamde fi bers as clalne I'n any onie of

cl HiReTE 6 B W@% Sttﬁr@ﬂ%berﬂﬁ r ot Gespadiafi ve wholly
m l’é@:rcél{atﬂ@r @S iGRNtAIK: Y Gairk iU ate hoatsttegd

aromatic polyamide fibers except that the layer-
structured clay mineral particles are not contained
therein, is 1.1 or more.

9. The wholly aromatic polyamide fibers as claimed
in any one of claims 1 to 3, wherein'a ratio (E/Eo} of an
ultimate elongation (E) of the wholly aromatic polyamide
fibers to an ultimate elongation (Eo) of comparative
wholly aromatic polyamide fibers identical to the wholly
aromatic polyamide fibers except that the layer-
structured clay mineral particles are not contained
therein, is 1.1 or more.

10. The wholly aromatic polyamide fibers as claimed
in any one of c¢laims 1 to 3, wherein the toughness factor
(TF) of the wholly aromatic polyamide fibers defined by
the equation (3):

TF = T' x E'!? (3)
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between | ayers thereof. 13. The wholly aromatic

pol yam de fibers as clained in any one of clains 1 to
3, wherein the wholly aromatic 20 polyam de resin is
sel ected fromneta-wholly aro i ¢ pol yam de resins.
14. A process for producing dr and oriented wholly
aromati c polyamde fibers conprising extracting a

spinning |i lquifd_mmwd iécﬁuw:%or?somenw anﬁe@ra\mﬁd *lty Z5numeral
aromat i c am de resin an er-structured,c \'

i B HHE (o 1108 6ET L Hh SR LbrLD, BBt OB fhr § edby OF
m?ﬁh@_&ghdﬂl)y P@derﬁhatbayc hF@SJSyalflid@efMﬁ@i'é %/aradi opati€presents a
po am resjn t 0 splnneret to form, . g

£ ISR WO LES et EHe A o rP YA G Lgenit of ¥ of
I ntriosludiaigl ¢ herdmd aie el yarsi deafsbefs t hes 3@i oni mgre.
liquidinto ague coagul.atiaon path. to oagul at e .
the 11 ohbnt by Afehhe DRATE ¢ HtT 47 (i geo! & forainea
dr s nglate I@swhantinundraweatfid afffiBFoh of weetednacity

at e; d Yis t ' t r

ar e TLRET e YaleRly LEShER S pERI ey co
ar o i eena@ety phaglaed deTFober s e Bahede i whel by npromatic
14, pyhedRi e thfhe SP1 UG dd W & #19e IFBPRT €02 PYmdM X&NG

a solution A conprising a portion of the solvent, a

porRS BrAEde nELoGHD $3CceRoreldte ot yeivefe FesiataRgd clay

| ayeinestd UG ahf €0 Td fYa Be M @nidée| €Fetdi@n 2HOUNL or

of 30 to 300 parts by mass 10 per 100- parts by mass

of " whol |y aromatic polyanide resin with a ,

sol uti on B conips iwhaDl ¢ herdsreaed @i pgl poiideonfinérs hes claimed

solyenty,, te. I SPeLNLNg, F’Pfﬁ{{& of, Ol d g ol Ly, géz?ﬂ%gh?ctured
polyam de FEsi n, and satisties the requi renen (
andc @y nmindjal heawiscbes tgomtaimeospintd opn{wg aena located

shealt f&ad e P%]%ér)%%f@?&%' is 15 to 80 tines the

Vi scosHi;3I t at_a shear rate of 10 second-, and .

(2) the 14 scobhe ywhplinersemakioPrehyamidea Ebepgaps claimed

ratih ofnP.dnsespnerdiths #A0td 03 201 PESn tHge VINSE DSt ¥romatic
polyamide resin is selected from meta-wholly aromatic
polyamide resins.

14. A process for producing drawn and oriented

wholly aromatic polyamide fibers comprising extracting a
spinning ligquid comprising a solvent and a wholly
aromatic polyamide resin ahd layer-structured clay
mineral particles in an amount of 0.05 to 20 parts by
'mass pexr 100 parts by mass of the wholly aromatic
polyamide resin through a spinneret to form filamentary
streams of the spinning liquid;

Introducing the filamentary streams of the
spinning liquid into an aqueous coagulation bath to
coagulate the filamentary streams of the spinning liquid;

drawing the resultant undrawn filaments in
a wetted atmosphere; and

dry-heat treating the resultant drawn
filaments.

15. The process for producing wholly aromatic
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'process for producing

“of the solution (B) at a shear rate of 0.1 second-1.

16. The process for producing wholly aronmatic

pol yam de fibers as clainmed in claim14 or 15, wherein
the concentration of the wholly aromatic pol yam de
resin 20 in the spinning solutBén-is 0.1 to 30% by
mass. 17. The process for producing wholly aronatic

po [ as ¢l ai isns el ai 4.qr rei
Prevavaiich, 23n8 008 ETRlel i) BUILC 1R, e lR B4
at fpdpRang Ldduadt Ae pPargeretl Dy3migings at iswdsitilee 25

el 4k 3Y %agoQtQEntB% QﬂgrQW@thEa”%nF%rtlgn e the

process for u0|n% I'y "ar omat’i C
fi Wordlys agraiptde pe dﬁ@#ﬁﬁl@eéﬁnlgndwﬂéﬁéﬁﬁStﬁW§tured clay

sohN@Rt-ailS paeiached EhOEhpﬁhéhn%”b@eB@OE%e@b% p%%tsTB§ mass
aromatic 30 pol yam de

fi B&Fs 188 EP&Fﬁe&Y|ﬁaéﬁap§1%@eowhfé1YWﬁéPaaﬁlctﬁ@lyamlde
wheklky nawerat iaC spalyaphde tesbhiksngeheet ednioMng portion

net% %QO|| %%%gat%%ep0|%thqggr%%rtion of the wholly
aromatic polyamide resin, and satisfies the requirements
(1) and (2):
(1) the wviscosity of the solution (A) at a
~ shear rate of 0.1 second™ is 15 to 80 times the viscosity
thereof at a shear rate of 10 second™, and |
(2) the viscosity of the solution (A) at a
shear rate of 0.1 second™® is 40 to 20 times the viscosity
of the solution (B) at a shear rate of 0.1 second™.

16. The process for producing wholly aromatic
polyamide fibers as claimed in claim 14 or 15, wherein
the concentration of the wholly aromatic polyamide resin
in the spinning solution is 0.1 to 30% by mass.

17. The process for producing wholly aromatic
polyvamide fibers as claimed in claim 14 or 15, wherein
the draw ratio of the undrawn filaments in the wetted
atmosphere is in the range of 0.3 to 0.6 times the
maximum draw ratio of the undrawn filaments.

18. The process for producing wholly aromatic
polyamide fibers as claimed in claim 14 or 15, wherein
the solvent is selected from polar amide solvents.

19. The process for producing wholly aromatic
polyamide fibers as claimed in claim 14 or 15, wherein
the wholly aromatic polyamide resin is selected from

-meta-wholly aromatic polyamide resins.



