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WHOLLY AROMATIC POLYAMIDE FIBERS AND PRODUCTION
PROCESS OF SAME BACKGROUND OF THE INVENTION 5 1. Field of
the Invention The present invention relates to wholly aromatic polyamide
fibers containing a layer-structured clay- niineral, and a production
process thereof. More particularly, the present invention relates to wholly
10 aromatic polyamﬂkler@m%@@gg%@gﬁggctgﬁ Eg?yﬁgggeral
and having improved mec ; ness,
and a production proce HHEEoF D hddrpfior oPfheSRK
Considerable interest has been focused on the imparting of high added
value to polymers and eghapeament, of thejrperfqimance '[p\] recent years.
CoTpoung Mmaterials obtained by containing a filler in a polymer have
beeri actit&fy devRiopedtin tid&Mlifipart high added value 20 and high
performaridestorpotyreets. imthenpdstnfibrols tersacieulanfillery haveheenc
usee ag seinfprcingfillecs éQJntBQi%R%S%OE'QSM\ﬂgggg%puegh%?gfg
characterlsilcs and heat resistance of polymers and, as a resuﬁ, NOWH
polymer materiafsard impPAhIBrRE BFSS feridie cthigth, ¥edulus of
eld3A&ity Behdingy strehgthp thevarat dimensianalstahility aae areepholly

Cha&@ﬁﬁEﬂ§S§§¥¥QH¥ﬂ@tgﬂﬂéﬁgV@@Nﬁ%@#fﬁéﬂgpﬁ%fgfygpfEEtured’

im rloved V\ianrgilp wear resistance, surface hardnéss, heat resistance

and Impact resis aln.c%r.lﬁo owEer- TR SHEG8F Ao hisblind material
is KABWASS Delgreaty affeeteti ot balylhy thewstrengtls of 2hel palymerduction
sepiiag-as the: matbeef the compound material as well as the strength of

the filler itsg t also by the interface adhesion between the filler and 35
polymer, an tt:hpeyaﬁéﬁ{} o?' et\?lv%ttggiz@tcﬁghér&olymer to the filler has
an effect HBESHIY dRFe L abet 6 protubtion, ek alsboonthedstrength of

the fipishedn@ of high added value to polymers and enhancement

of their performance in recent years. Compound materials

cbtained by containing a filler in a polymer have been
actively developed in order to impart high added value
and high performance to polymers. 1In the past, fibrous
or acicular fillers have been used as reinforcing fillers
for the purpose of improving 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 cther
properties such as improved warping, wear resistance,
surface hardness, heat resistance and impact resistance.
However, the strength of a compound maferial 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 also 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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product. For reasons such as these, it is not always possible to obtain a
compound material having superior strength even if a filler or polymer

having high strength and elasticity is used for the material. 5 Moreover,
compound materials containing a filler are.,generally known to have the
disadvantage of low ultimate elongation. On the other hand, in the

production process of wholly aromatic polyamide fibers (to be referred to

as PTOAATId fibERS, HRAS RE dedfd té furlHe? ffiprove précesststabitigy s

ang gaality (prevention af filameninbreakage)a tregenerah atonghnresse rior

fac I, typically;kno sed a ete valuatin
ind%%s{tr(ri%fgglmid fiberéﬁl]'o%&ggle%%#ag%r % S %SIP (ééggéﬁte%%%g}%trength
prétitidt SreRsie dtrandth (F5%8 Aidastiisd RainiE bt jrams/deneer and

the squartleostofeultiimateetongation (%) {EE 5 CarEW2)hilnghe case obr are

fbgeewing 3 highionohness, (aetar (e AMQUYAl {08 Jibers (BINgd. : nace
on the drawmg roll in the drawing 20 process is known to decrease, and
as Ar38TE Hit&Ment breakage in the resulting fibers is reduced resulting in

improventent bistabitiheaf therdiawing frioee gsrandh dmpeov esh-guaditysob £

theresulfing fibsh freads Althqughea kngwn example.of 8 prCESS 0T 45
Improvin er mecnanical strengtn INvVolves Improvin e daegree O
D gdZ?%{g}) h E\ﬁ | st th | the d f

oridntation o eerlé%y'dr% AG inIhé cHES OF Gty SRR froctBeayv e
ultirdae efohgatiohid kiowang dewréadeywitk tieerimmprovement tensieent

stram@takﬁg@cpm%dkﬁf&#@ﬁgP,rOQU%EH?m@%h%'&&@MQ*T§‘9 is

toughness Bctor. In thrg @ast containciin iller in the form of a

a .
layet-structured }c{lra}l?/wmlne?albﬁasups)%pogg d fo MASBUE e médhdnicat 12 ting

propEities drid dinersidnhl Siasility of Jolyamitesibefs (Seerlaaiese s

UnexgminechRatent35 Rublisation Nesoid3+31:3641 H4:200882:and 1) as

sy e el opg bR BV o0
ultimate elongation (%) (TF = T' x EY?). 1In the case of
fibers having a high toughness facﬁor, the amount of the
fibers retained on the drawing roll in the drawing
process is known to decrease, and as a result, filament
breakage in the resulting fibers is reduced resulting in
improvement of stability of the drawing process and
improved quality 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 cof 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
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- 3 for non-thermoplastic polyamide, in the form of wholly aromatic
polyamide fibers, is not disclosed in these patent documents. In addition,
processes using layer-structured clay 5 minerals as fillers have been
examined for the purpose of improving thegmechanical characteristics
and heat resistance of wholly aromatic polyamide. For example,

Jananesgdinexpained Patant ubliaayion,e. Mk 53001 fIscioses &ncyyy
process for obtaining a wholly aromatic 10 polyamide compound materia

thaf IS IEErd AP highT: RBatidyistant mhatdraly iR afhglRobigese

solptidgre rdontaining.@diamine monomer and an organic solvent solution

of an acylaieddicarboxylic %%@@QQQ@&?%!? Sf%bé%i—_”s‘%’%{?ét%@%d clay
adding a clay mineral to the 15 aqueous solufion or ofganic solvent

solliSIF Bty HolychbhdBRsatimst the orforieringabafesethe purpose of
Unéxgminetn 8atent Publicationdda. Hik-255832 dissloses afracesssfor

efficiently obtaining 2 campoupd by solution palymerizing awholly, . .. 1.

aromatic polyamide in a solvent solution of a 20 layer-structured clay
minEtRFCTEDIS BFCHpIBRYY MASSVing sRibiisidristiiisted tlgy-236501
mirsErak; Wiile sJapamese ¢ rexaminedh Patent RyblcationiNe. Hi-2R6034

Prapeses ARIeCesSTh aRtainiag avhallyargmatic %Oié%iﬂeacsor%pg%@;ly

ha\ﬁin m roved mechanical _pr_operties 25 in which a Iay_er-structu_re .

mine@r%I is highty SAG ity Gispersen iAo ABnREe SoRmntiae By on
rensoViiig an iorganic dolkennfomea solatiom composed g tie wholly ent
arogagticcpyamides theslayerssteuctured:clay Joneral 20dhe organe. hae is

[ mechanical properties of
solverltuggyowever, the |m%ro eme(z:p,t of the cal prop

| fats BY CddHaming & bayRr-BfdcthrdcPelf

ths)ffy aromatﬁ:npo"fﬁarﬁilaé fi

MirfETaP&S il 6F Caid: Wehioll§ arommes polysrdide fiberscdontdinimgca laied

strgeiuresoeiay Arnarabas filterand havingahigh 35 feughaess factaras aq

respltol eregl, 2L 0L KIOUN, ram fosuments of e PHoLaMt, | rocess for
efficiently obtaining a compound by solution polymerizing
a wholly aromatic polyamide in a solvent solution of a
layer-structured clay mineral capable of completely
dissolving said layer-structured clay mineral, while
Japanese Unexamined Patent Publication No. H11-256034
proposes a process for cobtaining 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 solution composed of
the wholly aromatic polyamide, the layer-structured clay
mineral and the organic solvent.

However, the improvement of the mechanical
properties of wholly aromatic polyamide fibers by
containing a layer-structured 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



SUMMARY OF THE INVENTION - 4 An aim of the embodiments
disclosed herein is to provide wholly aromatic polyamide fibers having
high mechanical properties, and a high toughness factor in particular, that
can be spun with satisfactory process stability in a spinning process, and
a process for industrially producing the same. According to research
conducted by the inventors, drawn and oriented wholly aromatic
polyamide fibers obtained by wet spinning and drawing a spinning liquid
containing a wholly aromatic polyamide and a layer-structured clay

mineral wer dto ve superior mechanical racteristics, and

T bR e e Nrctt D e S e A o o de
whow;heam%ﬁﬁ”oks:tmlmg@ad%ffédmglétélwﬁmﬁmispe@ﬁ@@a@m
prolayerokihe layer- structyred elayminetal inithedibers, hyascafteringly, that
cand'ég' ing aRlurality of regions | hgﬁ%é%@g"eéw@h 1 layer- SH“&‘%; nning

clay miheral distribution density in romatic polyamide polymer matrix

PLOff3E Bomoded the Pafticles, We HEEESinfprdving i mechanitae same.
characteristicy of thexfibers,rarid pantidularly théstoughaess:factor,:can herawn

andfué@%ﬁ@B@n‘%ﬁ@o@ﬁSh%'%%%tﬂ&c%@yg%d@'nﬁﬁ%é’ﬁg'%%%4’1988 by wet
aspect, the(rje 5 JJorowded drawn and orle?ted wcpollx aromatic ngolg/ar(r]l] %al

5P lfbers%omprlsmgaa resin corﬁposm otPcom ﬁsmg A AR Cop posed 0 Y

aroWhbliy: drermadic pekyaniide resin and tayeristitetifed elagiminbralral were

fouparticlestdisperseg and distribuirdin an amoeunt ©f 05;tor 20 partshy

par f‘éﬁi‘% Q:QQ:PS‘?S%JB% R0l th?a!@%té'% in fhe.malrx, In.the; Lng Ly,

u
isclosed wholly aromatl%go yami eflbers a_plurality of regions, in w

it {’F%Slaﬁé'rsé’[rtféﬁfr‘(é@j &y “ﬁe?&i%%ﬁ?c‘?é?afehﬁﬁﬂb&fé%tlﬁaadre(?aftlvely
comhightdistributiohdensity,cire preferalyly seatteringlye distributed il thesr-

st rwhelly-aroreatic pelyamidemakix: Hxthe;disclosed,whally aramatic; 1
dls%owgn%f%gmysplgrallty of regions having a relatively high
layer-structured clay mineral distribution density in the
aromatic polyamide polymer matrix that composes the
particles, the effect of improving the mechanical
characteristics of the fibers, and particularly the toughness
factor, can be further enhanced by the layer-structured clay
mineral particles.

In one aspect, there is provided drawn and oriented
wholly aromatic polyamide fibers comprising a resin
composition comprising a matrix composed of a wholly
aromatic polyamide resin and layer-structured clay mineral
particles dispersed and distributed in an amount of 0.05 to
20 parts by mass, based con 100 parts by mass of the matrix,
in the matrix.

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

In the disclosed wholly aromatic polyamide fibers,



when the wholly aromatic polyamide fibers are cross-cut along the fiber
axes, the resultant cross-sectional profiles are observed with an
electronic microscope at a magnification of 100,000, and in each
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 layer-structured clay mineral particles distributed in the
observation area S2 of 25 pm 2 is found;is measured, the degree of
dispersion Y of the layer-structured clay mineral particles in each fiber,

whedefingd ynthe equation(1)1 ¥ (%) F(SHSAY X A001); is preferablsinthe

-1 ofa09e.0f iom 0.1 10,40, Inghe disclosed wholly aromatic polyamide fbers,
thé layer-structiired clay mineral preterably comprises at “least Grie

aresslper s hettorité, sapdfite Cstedersiter beiddlifte Sfhoatmorillonite

magand swellihgrmica. mmgaﬂmlommallwar@maﬂﬁMy&mideﬁiﬂe@ the
prolayegstryctured glay mipera p@%'cgesp%r&Qﬁeif%@b!ygo%ees%ggg% dMﬂ}ﬁgch

intercalating agent. In the disclosed wholly aromatic polya ibers, tl
e iR sttuCtirfdtP Elay minerd pantitles prefdrably hdvaan® hoérigedaydnal
prothidkneds of 10 to B00mMM Uarthe distidsed wWhotlyrarematic polyamidé ay
minfibers, hertayersiyugtused claysaineral particlegpreferablyhavea s s2 of
o5 d%grelesoff%r&en atian AH?f 500/%8r moy ,edeéermlned in. accordance WIthY -

S ediation (2) A6 ZTi80 W80T 10643) In Bhustion @)W © ©
therdprgsants rval-valGe width ofahn ensityadistiibution determmedf ibarr
de £ Xriay analysis:of theslayernstrugtured clay mineral particles, along a - 6

Del?)fa ging og éllr?%%tion R in a (001} plane of the layer-structured

G, = X A . . i

~clay mineral particles. In'the disclosed wholly aromatic polyamide fibers, a
15 fif6 {Tr) bf altensifecstistigls (PofthewHolly arenfdtic polyamide

fibera ta adensilecstrength ¢Fe)iofy aromatic polyamide fibers,
the layer-structured clay mineral preferably comprises at
least one selected from hectorite, saponite, stevensite,
beidellite, montmorilleonite and swelling mica.

In the disclosed wholly aromatic polyamide fibers,
the layer-structured clay mineral particles are
preferably ones treated with an intercalating agent.

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

In the disclosed whelly aromatic polyvamide fibers, 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



comparative wholly aromatic poiyamide 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
disclosed wholly aromatic polyamide fibers, a ratio (E/E0) of an ultimate
elongation (E) of the wholly aromatic polyamide fibers to an ultimate
elongation (Eo) of comparative wholly aromatic poiyamide fibers identical
to the wholly aromatic polyamide fibegs except that the layer- structured
clay mineral particles are not contained therein, is preferably 1.1 or more.

In the disclosed wholly.aromatic polyamide fiber toyghness factor
Do R Sholy Aot A e by B Rl
L2 YRR =S REYPISANSH[IEh BHOEHFSH (3)2 T Trepresents a numeral value of

theﬁensjlmsttemthcim aait ohg/lll dtexcoiihe whplipl saremadic f)j.)ly@.ﬁy'de.a
ratfibers apd &' represents a.nywetal vajue. of the,ultimats elopgatian in unit

of % of the wholly gromat|C£onam|de ibers, s preferably 30 or more. In
2 O e B9t PO afoM S pety arfideHibors dhd ARG TFEITED) of fie
compughiessfactor (IR of twawholly raromatic polyaniige fibéganitheal to
thetenpeify factor(hke) ef somparative whellyraromatis polyamide {ihers; - yer -
str@%{%%" %Esg@%'xg T%‘%%P%Q’%Té%e Q%%rsgec%(%e%tr@%%hﬁe' Yelcvein,
~structured clay mineral partictes are not contained therein, 'is preferably
18 PAShrGRGre! Ih theldisdoBEd ®holly aromatic polyamide fibers, - 7 the

layérstiuctured sty snerabhpdriigles prefetably wohtain odganic bai) 2
ra+ions laeaied between layersthereof. ; nthe disgloseg whallyaromatic; 1 ,
aro%olyéangldegibeg%fgg ng Il rarorga_tlc %ol j”;%mde resin 515 preferably

detect&d 1o meta-wh&oﬁl aromaticp |§>¥’:l iHEESnS iR Hhdther Aspegr, ©F
conmpaeisiprevidaed alproeassfol Lsrodaéingrorawn hbdeorieniatbwhoal to
thearematic palyasride i tihess comprisingraxmcting aspitning 4guidhe 1ayer-
stf%%@@%%%gélay mineral particles are not contained therein,
igs preferably 1.1 or more.

In the disclosed wholly arcmatic polyamide fibers, the
toughness factor (TF) of the wholly arcmatic polyamide
fibers defined by the egquation (3)

TF = T' x B'° (3)

In which eguation (3}, T° represents a numeral value of
the tensile strength in unit of g/1.1 dtex of the wholly
aromatic polyvamide fibers and E' represents a numeral value
of the ultimate elongation in unit of % of the wholly
aromatic pelyamide fibers, is preferably 30 or more.

In the discleosed wholly -aromatic polyamide fibers, the
ratio (TF/TFo) of the toughness facter (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 laver-
structured clay mineral particles are not contained therein,
is preferably 1.1 or more.

In the disclosed wholly aromatic polvamide fibers,



solvent and a wholly aromatic polyamide resin and layer- structured clay
mineral particles in an amount of 0.05 to 20 parts by mass per 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 agqueous 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. In the disclosed process for
producing wholly aromatic polyamide fibers, preferably the spinning liquid
thejslgreparedt By lixingh solatiomArconriprisirigra pottion of:thé Soient] a
conperiian @f@l&l\jybokbﬁamﬁnaﬂﬁq@o|Y@BEJ@@I’@SM%|@M€&§§@QEJVQ@@WOf .
mineral parti 0 rt er ts .
By s et o Srorals BOALA foah AT tor B o ©

WhOddpASAG te Ferﬁ%m“béﬁloﬁeo‘ﬂﬁe $8IVeRE Hife Fdalinitiy SoTi6R of *om
me tHnewitldllyy aromatic: polyamidesresihy; andssatisfies the requirements (1)

andﬁ?)ar(%ﬂk@ﬁ/'%%&@f the,golution; (A).af-& shear rate 9FQds ror
second-1 is 15 to 80 'g{mes the VIS%(])SIQ/ _I[ ereof at a shear ra&é{of 10

PECSEtond 2L, and' (3) the V|85&s€fty of the solutidn ‘a&) Aa dfedtr 3%%861
£ lbéﬁ@%n@qni@wﬁ)l@@umé%rtﬁéws@@suw 6ftheR8nsoldtieh(BY atearshidaring a
so lrate of GAsecontdn the disclosed processdar produeing wholly arampatic

st RRIYYPIde fibers, he &898?”%%5@&‘1@3@% "‘ﬁ']%’”)é x?r%'ﬂé% 1100!9@"'@“8 5 to 20

resin in the spinning solution Is preferably 0.1 to 30% by mass. in t

pardigciBeed proceRE forptodaaing ?N%ﬂy%%’rﬁaﬁé p‘iﬂfaﬁ‘ﬁ}a@]ﬂb}érsﬁ* Tﬁ’é“at 1C
po ldramiratio 1of thewundrawrncfilamestsiinntheanetted dtmospheteisentary

st rirgferably in the range-af,3 1q .6 times the maximum draw ratio of the

undrayé/n fil daumt_gL%ts In the dfs%%%edn rgggss ngr gg)gg0|n%w %Ig/ aé%rin%g% g
liguid into an aguecus coagulaticn bkath fto coagulate the
filamentary streams of the spinning liguid;

drawing the resultant undrawn filaments Iin a wetted
atmosphere; and

dry-heat treating the resultant drawn filaments.

In the disclosed process for producing wholly aromatic
polyamide fibers, preferably the spinning liguid is prepared
by mixing a soluticon 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
polyvamide resin with a solution B comprising the remaining
portion of the solvent, the remaining portion of the wholly
arcmatic polyamide. resin, and satisfies the regquirements
(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



polyamide fibers, the solvent is preferably selected from polar amide
solvents. In the disclosed process for producing wholly aromatic
polyamide fibers, the wholly aromatic polyamide resin is preferably
selected from meta wholly aromatic polyamide resins. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is an electron micrograph of a
cross-section of one example of wholly aromatic polyamide fibers of the
present invention. BEST MODE FORTCARRYING OUT THE INVENTION
In the wholly aromatic polyamide used in the present invention, the

sol@r@iwh ” iC(rmgSgiUO? which-the primagy gﬁckb@@%gﬁﬁebb.eatgng urrllits of hthe
wholly aromatic_palyamide is constituted, are mutually bo throu .
am%le Eéﬁds%%%%%é%ewh& yogr%%saticop]f)’l amide s Byﬁefg% %F& Q/elgctx%ﬁlatlc
PO Lirgmi dreta MATOTS -arbmatic pofanfidées: This f/pe'dtsviony Larontdtiernatic
polpelyamiderissnormatly preduget-byilow-temiperdture selytionferably 0.1
to Relymerization or interfacial polymerization of an aromatic dicarboxylic

acid dihalide and an aromatic diamine_in a solu%ion‘thereof. Although the

|

diantin C5mBORSATSEY i ThE Présent TnVarition preferitiy tontame e ©
polgembre typeiseof sfor téxanisle vparaphenyiénd diamingirawn filaments in
the2wehioreparaphenyleae «diaming Ze-dighlofoparaphenylene diaine.. 2,6:0
A B A D
mettiard} 2, 4A4famindaibheh§FStoneor B 3ediamincdiphertyt Sufigrhsiat 1c
poligamot dimitediibereto. SiAmongihese diamine Compolinds,gi-pherylefe-om
no1diaming.48- pheryene diamine and 3,4'-diaminodiphenyl ether are used
pre{enra;c)ljy. Ind%d(g&iog,e%thogghéhe arforr%aticrdi arboxylic ; ci_ dihalide .
comporiént usedn e predeRtvantion 16 pretsrabi?citains onaora t1¢
po 1&‘1@?@%%%{'&@ exampleydilkophthafie agidcdicndnde: tdrephiialie alid
preferably selected from meta wholly aromatic polyamide
resins.
BRIEE DESCRIPTION OF THE DRAWINGS
Fig. 1 is an electron micrograph of & cross-section of
one example of wholly aromatic pelyamide fibers of the
present invention.
BEST MODE FOR CARRYING CUT THE INVENTION
In the wholly aromatic polvyamide used in the present
invention, the aromatic rings, from which the primary
backbone of repeating units of the wholly aromatic pelvamide
is constituted, are mutually bonded through amide bonds, and
the wholly aromatic polyamide is preferably selected from
meta-wholly aromatic polyamides. This type of wholly
aromatic pelyamide 1s normally produced by low-temperature
sclution polymerization or interfacial polymerization of an
arcmatic dicarboxylic acid dihalide and an aromatic diamine
in a solution therecf.
Although the diamine component used in the present
invention preferably contains one or more types of, for
example, paraphenylene diamine, Z-chloroparaphenyliene

diamine, 2,5~dichlorcoparaphenylene diamine, 2,6-
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dichloride, 2-chloro-terephthalic acid dichloride, 2,5- dichloroterephthalic
acid dichloride, 2,6- dichloroterephthalic acid dichloride or 2,6-napthalene
15 dicarboxylic acid dichloride, it is not limited thereto. Among these
aromatic dicarboxylic acid dihalides, tereghthalic acid dichloride and/or
isophthalic acid dichloride are used preferably. Among the
aforementioned wholly aromatic polyamides, 20 polymetaphenylene ,
isGPHtRAIRFTES AR% SopsiyFaraphe éﬁ&-fs,‘ﬂ"-&%ﬁg iﬂ)ﬁé’i%/léjrf)z/eamme’ 304t-
teréphthalamideare wsedt preferablyd Wwhile polymetaphempyéne:ther, 4,4'-~
ismwamegﬁeklqu particulady pieferably Atilgastignedype otsqlyente or
when_preparing a 2 sglnnln |ICL§JId bx§olymerl2|n%1a who_llt\aaromagé ‘
polyamide -EMpIes BF Which iRAILAR 6t are ot liRfted “th"diganic- e =t
potarcamidetased oivehtssuchigs Nrid-sdingethylformbaride diamine, m-

N.prdimethylaceioamides Nsmethyl-2- pyrrolidensiditenyl ether are used
N-metl%o)élca%rglactam, water-soluble ether 30 compounds such as
tet%hey &ftiran’ and dioxane, water- soluble alcohol compounds such as

methanoll ethe@di s rethyénd glyebl, Wetersclubleiketoiieceorhpounds: acid

sugh1as1 aceioneapdraathyhabyl ketone, ansd watarsolubles Mitkilen

comPo Qggg ch as atcaeaorpltrlle andogrolgé%nétr%e. 35 Thefafo mentione

= on 5 O e85 or exXxanl <,
soR/'en may a o Se a mixture ‘ox?efwo or more ty)f)%s of thel aforementiorted
coffipbtmEs tTRd sehht dsed fhiepréeess 6rhagrasdnt fnvadntion is
10zipefesablydehydratad 18 this cagata suifabla amouni 6haoride, 2, 5-
conyentionally known ingraanic.sallmay b addeLto the polymerization
mixture before polymerization, (?urlné; mmerizatlor{ or'S at completion of
0

poRheeriZaNioR G BRIEY 16 ndFedse! ity CEXeHfiples of scHimBrgshéene
salts thchuge: jithivmaohlatideiand ealeide) chleride. Inaddition; whanthereto.

Progiusing aydolly aromatiq polyamigs jtam he ajoramantianed diamine

componént and 10 the aforementioned acid halide component, the molar

ratt¢rephthalic acid dichloride and/or isophthalic acid
dichloride are used preferably.

Among the aforementioned wholly aromatic polyamides,
polymetaphenylene isophthalamide and copolyparaphenylene-
3,4'~dioxydiphenylene terephthalamide are used
preferably, while polymetaphenylene isophthalamide 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 Numethylcaprolactam, water-soluble ether
compounds such as tetrahydrofuran and dioxane, water-
soluble alcohol compounds such as methanol, ethancol and
ethylene glycel, water-soluble ketone compounds such as
acetone and methyl ethyl ketcone, and water-soluble
nitrile compounds such as acetonitrile and propiconitrile.
The aforementioned solvent may alsc be a mixture of two
or more types ©0f the aforementioned compcunds. The

solvent used in the process of the present invention is
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of the diamine component to the acid halide component is preferably

controlled to 0.90 to 1.10, and more preferably to 0.95 to 1.05. A

molecular terminal of a wholly aromatic polyamide 15 used in the present
invention may be blocked. In the case.of yging a terminal blocking agent

for this purpose, examples of the blocking agent used include phthalic
acidr%@%ri%% nd gggstglégeg fgrms thereof, while examples of the amine
corﬁponenrt incidde anifine and substituted forms 20 thereof. In general,

an aliphatitrarfihes afsigtic amineland guatethantammonimsatcahonally

be usedin combination te LapPtwe @nHacid guelasa hydtogen halide zation
forg\lgd ér& I_r@ea%%i&nos getwgfn rf?&icd' Q%I%diegnand @?rin]%nes. 2? Following .
compfétlon of the aforementioned po ymerfza?lon r&sction, &' basic” 2+ +en ©F
inofdari®BErhpbiitd: stéh sletrium Hydioide ipatasksium thydioxide ase
caleigmubydiaxde orcalgivmeexide mayhe added io.the reactian ipixiuige
as pecessal 19.nedttalize thg readfion, 30 There ae.no special limitations

on the reaction conditions for producing a wholly aromatic polyamide of

the presentiingélitioh! The rea&@ibnetfiess e acid halide afddiibpdife

typisally pracseds rapidiyh and the drastiarbtesmperatie isnesrgyrahto and

100G ANC:33 DrefRiably, S0 10.80C. 4 whally aromatic povamide pOVIEr 1o
obtained in this manner can be extracted in the ]fncﬁm 0 pL{Ip-ﬁ € flakes - .
11 Yy A g SUGTRBIARER In & Pohl vt dubk hsdRarpponent is

alcohelf Athaugh thenpolymeeflakes carpbe dedissolveddn sotventand
theﬂgélfl‘ggggﬂytigg cgndfre used forwet spinning, a solution obtained by

a 5 polymerization reaction can also be used as is as a spinning liquid.

Although theP& REHS Partictidr Hidtafthstor e Solvert Ueal iphap 1 yamide

redissetving: theh polymerdiakes previded it dissplves saidwhetly aramatithe

polyamide, & salveny u§eg&ﬁ9ygﬁrgﬂggrk9£@eagent for this purpose,
examples of the blocking agent used include phthalic acid
chloride and substituted forms thereof, while examples of
the amine component include aniline and substituted forms
Thereof.

In general, an aliphatic amine, aromatic amine and
quaternary ammonium salt can be used in combination 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 limitaticns 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
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10 aforementioned wholly aromatic polyamide is used preferably. Next,

the layer-structured clay mineral used in the present invention has cation
exchange ability and demonstrates the property of swelling as a result of

15 incorporating water between layers thereof, and a smectite clay

mineral and swelling mica are used preferably. Specific examples of
layer-structured clay minerals include smectite clay minerals such as
he&térife SA5dME, 2veRLhd Beidéite hhd 20 MoRfiomhKE tincRigy 25
theiraraturab and theimically gynthesized fatemshasavelt ag suhstifutedh be

formsy desivatives armixtures theregf; '@ﬁgdlﬁig@ﬁ@rﬂgﬁ%o%%vg%;@ d%an be

mica include synthetic swelling mica that Is chemica

S esize

Ity

had' EPand R i8S beteehithe 25ayerstharddr RiwéRad sbistituted
forms] dervatives iammixtures thereokrin thesprasentiswantien,is as a

layefsstrugttEpd Glay, imineral patticles, that haye st”%egmwitmar

surface, treatment agent containing organic onium ions 3

(intercalating

agent) aFé brefErabR usedtor the Sfdrehitition8d Tay e ShroeRidd bRyt he
miperalyparticlés a Hesatment withdsaid organicdriem ipasdmpraviesitheromatic

dispgrsptyQidhe wholly arqmaticpelyamide,of ihe reshliing, o the

Iayer-structured,claéﬁwineral articles in the 35 matrix, and is able to

imprové FikHeT 15

ABIRS HERUGh eSS ¥ ot ehd Fediiity

fib&rseThe akgadnic onium ion used in the aforementioned - 12 surface

treatmentyis preferably selected fiom guaternary 1 aMMONETIENs, having,, the
a chgmical structure epres%nted by the foIIowmgngrmula,(ll:tF;Z a5n§1 N

inventlicon nas cation exch e abil

demo?Ztiates the property of swelling as a result of
incorporating water between layers thereof, and a
smectite clay mineral and swelling mica are used
preferably. Specific examples of layer-structured clay
minerals include smectite clay minerals such as
hectorite, saponite, stevensite, beidelite and
montmorillonite (including their natural and chemically
synthesized forms), as well as substituted forms,
derivatives or mixtures thereof. In addition, examples
of swelling mica include synthetic swelling mica that is
chemically synthesized and has Li and Na ions betwsen the
layers thereof, as well as substituted forms, derivatives
or mixtures thereof. |

In the present invention, layer-structured clay
rmineral particles that have been treated with a surface
treatment agent containing organic onium ions
(intercalating agent) are preferably used for the
aforementioned layer-structured clay mineral particles.
Treatment with said organic onium ions 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 onjium ion used in the aforementioned
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(wherein, R1, R2, R3 and R4 respectively and independently 10

represent an alkyl group having 1 to 30 carbon atoms or a
hydroxypolyoxyethylene group represented by -(CH2CH20)H). Here, alkyl
groups having 1 to 18 carbon atoms are preferable among the alkyl

groups having 1 to 30 carbon atoms re"prégen“ted by R1, R2, R3 and R4

15 Preferable examples of quaternary ammonium compounds used

inclede fbuteare 1t timited to sdgdeefktrinnéthyls afemarddmichioridejaternary
tetraglecyl fimethyhammonium ghloride,; hexadecyl frimethy! 98kHTed by

chloride, octadecyl trimethyl ammanium chloride, oleyl trimethyl 2
amirohidii %E%Viﬁ%?d%%ﬂg‘wl%in%fhyl ammonium chloride, ditetradecyl
dimethyl ammonium chldtide, dihexadecyl dimethyl ammonium chloride,
dioctadecyl dimethyl amionium chloride, dioleyl dimethyl ammonium
chloride, dodecyl_diethylbenzyl ammonium chloride, tetradecyl 25
dimethylbenzyl afhnioni _C‘FﬂoF?iade, hexadecyl dimethylbenzyl (1)
ammonium chloride, octadecyl dimethylbenzyl ammonium chloride, oleyl
dimethylbenzyl ammonigm chloride, trioctyl methyl ammonium chloride,

hydroxypolyoxypropyl ne ‘methyl iethyl ammonjum chloride, 30
hyd[&“’%%%%‘xye lehd ‘dodec gin?éth@?éﬁm%?&ﬁdrﬁlé’h%ﬂa‘e}“depe“de“t1Y

hydfeRypotfaxy etlyleneitelradscyl imethiyh animboniud® chioriden atoms or a
hydigemalyayethyigne-hexadesyly dimethybammanium ghipride ci,cH,0) 1) .
hy %>§yeoolyé%¥e§2ylernoeuogtarge‘g¥| dlmlettpg mgmug@chlo%de, 35
hy roxyp’olyoxyg y?ene aeyl dimetiyl ammonium ca:ﬁiorléle,a oms are
dihgdrokepelydrycthane 8b8ecd Methgirarmmoniual icHiorldeso 30 carbon
bis@wdiaxypelypxyethyleaehtetradeayl methyknd3 rgmmonium chloride,
bis(hydro thylene). hexadecylL methyl ammonium chloride,
i1 o CHYGYEne) Gty I Ao o s>
Kyet

bisthyBfoxs poRORyethiienay BleYPietriyl ahfifofitm efgide 5 ARimethyl

examplerof amethbdforitreating: layae-structuredh ctayyminataljartieles

lv;i;gggtgﬁitgggugwgdwéw"x ZQNSIStS Of DHXIBg A parthy welght of
octadecyl trimethyl ammonium chleoride, oleyl trimethyl
ammonium chloride, didodecyl dimethyl ammonium chloride,
ditetradecyl dimethyl ammonium chloride, dihexadecyl
dimethyl ammonium chloride, dioctadecyl dimethyl ammonium
chloride, dioleyl 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 weight of organic onium ion in
water followed by drying this 10 mixture. The amount of water used is
preferably 1 to 100 times the amount of layer-structured clay mineral. In
addition, the temperature during mixing_is pgeferably 30 to 70C, and the
mixing time is preferably 0.5 to 2 hours. Preferable drying conditions

consist of drying at normal 15 pressure for 3 dgﬁs at 70 to 100C and then
vactlRPariy Torie Gags Thela/ehige riydr thickiieds i e ne) hexadecyl

Igyeree*;tmclu mntnola;'{mi nel_'a]l @aﬁm}hes inithe neholy ayeraatieo polyamidene )
fibegs. ew@coerfsa@teﬂ\ﬁntwé Riefgraly 209 s op, 20 ﬂﬁ%_@krfg%&? -

preferably 200 nm or less. Furthermore, the average layer thickhess o
the RQYer S REIEA Ty niin&rat rdfered to RBRCMAIELSZthe Bldfage
value of |ayerdhiskipass astmeaseareddar abb layer-strudtused. elay rminerak-tured

partigles obsarvedin a.cress-sectiapal area of 25:25 M2 dWing 1o rmatly

measurement with an electron microscope (mjﬁgification: 100,000x) of
lonGitithina oS sBetiohR ofthBAbErL Yf the kietagfiayey fickhesy of ured
theclager-struetured ¢lay minerakiszgreéater thart B0@ ant; &t mayweei ght of

diffisult 16, erswie:farming stabjlity duting S0; spiing 0 the - tesyltingresin
corl?é]osmon. On the other hand, if it is attempted to disperse thé layer-

strUltired Fay miErarBsrities Gfe §8WRA%0 H& Moieciaf fsver ity 1 to 100
necessary tollewerthen tondentation of theispinming liglidvinmordertol . In

enskiie; 36 fhickening effegtsand-dispetsivity of the layglr stiuctiredclayh 1y 30
mineralé)articles which, in addition to - 14 lowering the production

effiGi8ncy of th8Finfilng Protiss, didd\teniss Bredeethbveffoct of© 2 hours.
impPaiig thé teughnessof the castltingsfikers sGensegpiently,ithe at normal
average layer thickness of the layer-structured.¢lay 5 mineral particles is ,
pre%%ﬁ;l?/ %enrr%ooli ?nforcgaa?’nsd r%gre[] Sprgf%réad;g 12 ﬁ‘ﬁ%g;rt Gfe. Y cuum drying
addftioh, ¢hé @&gical and horizontal dimensions of the layer-structured

clay The average layer thickness of the layer-structured
clay mineral particles in the wholly aromatic polyamide
fibers of the present invention is preferably 500 nm or
less and more preferably 200 nm or less. Furthermore,
the average layer thickness of the layer-structured clay
mineral referred to here indicates the average value of
layer thickness as measured for all layer-structured clay
mineral particles observed in a cross-sectional area of
25 um* 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
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mineral particles used in the present invention are preferably (50 to 1000

nm) x (50 to 1000 nm), and more 10 preferably (100 to 500 nm) x (100 to

500 nm). Moreover, when the total surface area Si is measured at a

plurality of regions, in which changes in thg,state of the fiber

cross-sections are observed due to the effects of the layer-structured clay
mineral particles, 15 per an observed cross-sectional area S2 of 25 m2,

by ‘Uit thé whSllyEaroHtic polyanfide fb&R AR the fibaPakss "9
thepeafa@meisobsebving therlbngitodinakicross-tSectiens with apfeléstrormwving the
miGrascape.ata magpiication of 10Q 0P, thedegree oL dispersionY the

within each fiber 20 of the layer-structured clay mineral particles as 1
deffhEd B the foifdivirg ot f1) OV(95S (STAEDY xS @y iF=d ctay
preferablyadithia the raree 6f0. b te 46 aad Iyorkl preferablywitkinahel more

ra Qé)f@r%&%o-llﬁthﬁrﬂ‘%ﬁreﬂo%%‘?f digpersion; Y isless than @d-there1 and

is little improvement in the toughness factor, while if the degree f 1
disPEBIFEY exiesd’dH thatrardparehty of #ier spinhitg ﬁlcﬁﬁ&? pfepared
fromihe whbollp arématie polymdidenlaybestuctaradiclay windrapn are

pargicles and 3Q solvegnthecomes Iy and mejdablity daereases. 10108 o e

aforementioned microscopic observations, changes in the state of the
fibers @bseriedin Hd fibdro cidss-sentions ardd@ausediRolapen-structured

clay mineyg)hasticles disirdted i sajd grossesectional-3a:egians:keiRg asured
distarigutaed %t a higher disgibuéionog%nsit. asW oim%argdgvithe%thg the state
regions. Itlc\’/vé‘lsrﬁlrsﬂg f3tnd Tivthe préseﬁ]t ifvention tﬂatnt%e toué’hness

factof dfthe FafiftingHibers camcic iptfeastd bykstarefdglf gistbulifg

regionsdtaving-a relativaly High- gistibutiondensity of layeestiucitred icles,
clay mineral 5 particles in the wholly aromatic polyamide polymer matyix

of tRETibBPs IRRS AR ThE Stit&dly Watterddistbution of réflons”Y
having-& relativély higlpl 1y aromatic polyamide fibers along the

fiber axes thereof and observing the longitudinal cross-
sections with an electron microscope at a magnification
of 100,000x, the degree of dispersion Y within each fiber
of the layer-structured clay mineral particles as defined
by the following formula (1}:

Y (%) = (S1/52) x 100 (1)
is preferably within the range of 0.1 to 40 and more
preferably within the range of 0.5 to 30. If the degree
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 ligquid prepared from the wholly aromatic
polyamide, layer-structured clay mineral particles and
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
regions being distributed at a higher distribution

density as compared with other regions. It was first
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distribution density of layer-structured clay mineral particles can be
achieved by controlling the degree of 10 dispersion Y of the
layer-structured clay mineral particles to within the range of 0.1 to 40. Fig.
1 shows a cross-section of an example.ofia wholly aromatic polyamide
drawn fiber of the present invention. In Fig. 1, a plurality of regions having
a 1;5 h| % dlStl’I%llgltlon densnl)( of Ia er- structurﬁgc ay l’{twlnaral are

t
obs8rved t6 be scattgrlngsly dlstrl tea in the form of s aple f%%rg ienst%efac oF

fibef cres-seetioh. LThe sfaphe fiberClike fegichaare Biciigated alopgthe 1ngly
diragté;qn:@faﬁe fikgr axigi 30 Although @%re@@aﬁqwmgﬁm@ﬁ@aement in

tou ness fa tor of the res It| FI rs asalre sult of scatterin )
1
distri |ng reglons h(gvmg ag¥ela y hlgh ) di fr%u%on d%ens%y‘/géy minera

Iay@@—'éﬁf&léth?éd émy tininerhPpdrticles dntHelfibers heprddeudly L ymer matrix
deseribgde2risrstill ot sufficientlyoigas rwhentheseregionsyceiaining e d
layer-structur dclay ineral particles at.a hi hdls riqution density are
ek iteehstont i ctiot et i ]
Iaﬁk%ﬁééﬂ@?éd%ﬁﬁﬁ?@rﬁb’pé*ﬁclééfaﬁﬁ”’[ﬁéWﬂ?ﬁ?&n&t@ﬁo@éﬁ%@l
SOthymeﬁl@ale@a&eSbandamsma/monkptr@@amdﬂ@ne@edh@oa@me of

drggian.of e fber Bres.due 1g drawing. The formation of s pely

structure orlented etween th er-structure | particles and

minera
poRATEr S XRGUdHR & HFdaty éé}ﬁrltﬁi’t@ 96 nﬂﬁro@e%e‘h‘? of 85 toughness
factor eveniijthelcosttent-of dhe tayes—structured clday mmeralpastielesis a

relgtively mall i the preseqtinyaation, fillers other than the ¢ 1Bre sent

layer-structured clay minéral tan be used in combination in the wholly

ardMERpdigEmide Bolirh@r plovided thidy 2 &k Wit art%‘?lbgrfﬁatkifo‘élsng a
nohimpairiphysicebpropertiesror process stahikty-turngspinring.Glay

A“HQ%%EQVOH%&'"%@% Aansfibrous dillerssuch as, plaje-dikescaigilkey in

ranular, irregular sh
g q} forg % gpﬁe fibers in the fiber cross-section.

The staple fiber-like regions are elongated along the
direction of the fiber axis.

Although the reason for the improvement in toughness
factor of the resulting fibers as a result of
scatteringly distributing regicons having a relatively
high distribution density of layer-structured clay
mineral 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 is presumed that
a network structure is formed by the layer-structured
clay mineral particles and the wholly arcmatic 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 coriented 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 opther than the
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crushed fillers can be used for the filler, non-fibrous fillers are particularly
preferable. Specific examples include potassium titanate whiskers,
palladium titanate 10 whiskers, aluminum borate whiskers, silicon nitride
whiskers, mica, talc, kaolin, silica, calcium garbonate, glass beads, glass
flakes, glass microballoons, clay, molybdenum disulfide, wollastonite,
titanium dioxide, zinc oxide, calcium poly%hosphate, graphite, metal 15

POWAEE TRStaF ke dr fifbtal ribhdh Frietal oxides, RarooR° Powbler Bk a & +on
leaid; catbonflak®s andscabtdarbon.l Moredverpimitheacasp iy ided they

manpfilament fineness, aifhe. whollyaramafic.palyamide fihers islaige,
glass fibers, carbon fibers such as PAN_ and pitch fibers, metal fibers 20

SuEY 8B . liiESs SteePfvsre Slufiftinibeys GPBraRe fiserE drganic
fib&rstsuchas vilidllycarematit potyamidenfivers igypsum filerscceramich as

fibers, aghasies.fibers, zirconiafibess, Alyming fibers.slicafibersaped or
titanium dioxide fibers, silicon carbide fibers, rock wool or 25 metal n?bon

caf BBUSRY. Fhd OF Mored)pbs offfide Hifers Riayaido BE usBd i - +Prous
combinktion. Eurthagrmote théafdrenpertibaed filers cafralse becusegnples

after,rqafing the sydface thereehwin & knoyav coupling,agent {such-as anate

silane-based cou%){i: ar?ent ﬁr 30 +tcltanaﬁ%e-bgsed cou ,Ilfdg aqk}enrt]),or ot er

suMAde e ertt ABBHE TR (RE vitiohy Lramaic Bolyamds iberd o 16

presehtinwentiomnitis netedsary khatithe layei-lstarctured cldy minerabogate,

co @@H‘@Q Withiny H}e @I‘Q@spf B5:0.85 to 2DPastsa-weight, pretesably 01,

to 10 pafts %gu"nvle' bt an e %:oelf&rag %242 5 aﬁ;%wr%‘%“’ox e

relgltl.ve%odl 0 parts by weig \t of the whal y aromdtic =1 polllyaml(lzle. s

thezdarte ot deyer strbeturad efaly Fiinsal sless thamr0 05 partsdy= 1

wejght rlatjvederkl0 pagedy, weighkof saiduholly aramatiopelyagjde;arbon

improvement ofitoughness factor i, not giyserved. wihiledt. e conieny,

exgeeds% parts by weight, the transparency
Moreover, in the case the monofilament fineness of the
wholly aromatic polvamide fibers is large, glass fibers,
carbon fibers such as PAN and pitch fibers, metal fibers
such as stainless steel fibers, aluminum fibers or brass
fibers, organic fibers such as wholly aromatic polyamide
fibers, gypsum fibers, ceramic fibers, asbestos fibers,
zirconia 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 aforementioned fillers can also be
used after treating the surface thereof with a kncwn
coupling agent {such as a silane-based coupling agent or
titanate-based coupling agent) or other surface treatment
agent.

In the whelly aromatic polyamide fibers of the
present inventiocn, i1t 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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of the spinning liquid composed of the layer-structured clay mineral,
wholly aromatic polyamide and solvent becomes low and moldability
decreases thereby making this undesirable. 10 In addition, if the degree
of orientation A of the layer-structured cl ineral in the fibers is 50% or
more, preferably 70% or more and more preferably 80% or more,
mechanical properties (toughness factor) and various physical properties

such s dimehsiohal £53tebiity afe inipieved therdsimaking? Y

thisipreterable: §urthesmetes th@ dogres-afriepiationiAof the:layet-ve to 100
stryctured Gf!ﬁg Wéfh.eéﬁ'tpaétéc'g% lsdd%}%%‘s&da C&:ﬁé‘#{ﬁ;‘% é&éﬁgi&%ﬂ%?g
formula fromthe inténsity distribution measured along a Debyeé ring of 'a

refléEtON pEAERa 26 (00N Prarve st tﬁ'écféﬁ’err-s%mc‘ﬁﬂ%d‘?%ﬁﬁﬁ’r%gal while if
partitles measeined by Xeryanalysis A 5 (580 w#)AL8O,X 10@ Inthisisparency

forra&”at_were%%?n&%@eﬂ%éaéug&ghﬁes(edggé%e%ﬁé ?faj%teepggxructured

distribution measured along a ebye ring of a reflection peak. The

whélty atoftiatig Tolyantiae ibérsarime phesétit indBAtioh prefersbiyave

a tersiestrengtbhatid 1094 cartmarethettsy cart aa ultthates¢lgngatiomg this
(E) thatds 110% pL more better, than comparative wholly aromatic 30

polyamide fibers that are completely identical to the aforementioned

wholly arofiatid Bolyahibe fibbrsiviin @78 5@ efttor SEAdtCont&Ring £ the
layérastructiredwtay: reideral.avioreover;dhe whotlzardmiatic polyaniidé or

fibefs, ,0of the pessephinvention haye adoughnessfactor STE33 hat{S sos or

10% or more better, ,paricularly 20% or more better, and preferably 30%

or MSre e ttsr TRAN e toRfpalstveBoll| - HHtRSFo I fide foerd d
18 Furthennord) ¥ivd touhhpese factors(T Fy veferrad tolhereds defined asonal

the praguct of tenstle sirepaihdd as: measwednynits efgramsidanselnie.

?g)"ri‘;grff{‘%err%'ggg?t'%éEégaJE%%a%JEe%}:”i‘é@%sa%fi%%rcﬁn%Pa@‘t?éy T¥er-
structured clay mineral particles is determined according
to the following formula from the intensity distribution
measured along a Debye ring of a reflection peak in a
{001) plane of the layer-structured clay mineral
particles measured by X-ray analysis.

A = (180 - w)/180 x 100
In this formula, w represents the half value width
(degrees) of an intensity distribution measured along a
Debye ring of a reflection peak.

The wholly aromatic 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
poclyamide 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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5 If toughness factor is improved by 30% or more in this manner, as the
strength of the fibers is improved, there is less filament breakage in the
fibers even if the draw ratio is increased (improved quality), and retention
of monofilaments on a drawing roller and $g forth during 10 drawing
decreases (improved process stability). In particular, an improvement of
the tou%?ness factor of 10% or more is preferable since stabilization

effé&E i UFSwing HrodQidbdtoRte fRGE Morkover, thé WHolg o here
aroimatitepalyamidesfibere of Abdhe presentdnventionsmay atsorcottdin as

other addifivgs ;suchasantioxidapts, heat stabilizers, wealheresistanges a3 on

agents, dyes, antistatic agents, flame retardants or electrical conductivity s
ageits withimaagngedhatdossiict impaliahe efféctsiotiie présent 208) -
invention. ithe-whghnharematicpolyamide finersobtheRresent veptior in

can be produced by, for example, a process like, that described below.

b 018 WHSRY aFam e pEOARE foSis o B BAeht r&ndG £gyod
be prodifceds 25 95 protass bbmprisialyane stepstofe (1) idreparimygn if the
spinriag ligyidi (lope) campesedaf whely-aramatic polyaqideand retention
:f‘yggs%‘%}%%dl%'%%r@@e@kagd glyeat Z%fg?i‘g‘%'aé'%t%%s%'@%@) during
quid by introducing stréams of the spinning liquiid Into’an aqueous
coatjliatiotib&tAC(3) Bordrawii the rAgRIRES fifanferas in awetted 1D
atmesphera.l and (4rdryriieas ireating therdramd Mamenis shefblendingof 103
ratig of the layer-structured clay mineral to.the wholly . aromati lyamide, .,

i D S b SO Slec o wanin TR LA EA o O be e Do 18 ehe
parfd BY Weig it X Bretsrabar 816 163E96 by weight, and particularly
preferablyMd bdo bepartsuhyewelghl tha respectto 100 parts 8y weightof of
thewholly, aromatic - 19, pplyamide, I addition, the. palymer concentiatippe s

in the spinning liquid is preferably 071 to 30% by weight, more preferably

1K§E§Q>&fm%ﬂﬁ&ﬁ%ﬁpéﬂ§Fmo ﬁﬁ#@ﬁﬂm} izers, weather

resistance agents, dyes, antistatic agents, flame
retardants or electrical conductivity agents within a
range that does not impair the effects of the present
invention.

The whelly aromatic polyamide fikers of the present
invention can be produced by, for example, a process like
that described below. Namely, the wholly aromatic
polyamide f£ibers of the present invention can be produced
by a process comprising the steps of: {1) preparing a
spinning ligquid (dope) composed of wholly aromatic
polyamide, layer-structured clay mineral and solvent, (Z2)
coagulating the spinning ligquid by introducing streams of
the spinning liquid into an agueous 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 pelyamide in the spinning
liguid is controlled to within the range of 0.05 to 20
parts by welght, 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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15 to 25% by weight. Moreover, the haze of the spinning 5 liquid is
preferably adjusted to 10 or less and more preferably to 5 or less.
Furthermore, there are no limitations on the process used to prepare the
spinning liquid. Examples of processes that can be used include: (A) a
process in 10 which the layer-structured clay mineral is added to a
solution of the wholly aromatic polyamide, (B) a process in which a

solEfidry BFtHeSwholfy ara it jfolyanticd drid: X tispersion ot e t+on in the
layepstrtdinted clay mineral are: faixed Withleachtathé) andy(Cyaight, more
progess I wiich the > Wialugromalisipolvammide &3 8fden 1.2 sobERRap1 y
of the layer-structured clay minéral. When preparing the spinning liquid ., .
frorhth& WHolly Eﬁbrﬁ’ﬁtkggt‘flyam%%r&ﬂ%%r, |dy-StrEfurgd ¢ 12 !
parlicles andia splveiit the-spinanjliguiciused ihthe 20lpresentnd more

invrg_@té%ilsa%ﬂgr@glyygga@g by preparing a solution A, comprising a

portion of the solvent, a portion of the wholly aromatic polyamide polyme

! r,
and 30 toF300-PEHEBY Freidht oF the B eRStrhdfiiddf diay Wirdfal -1 Process
partieled relative ¢p40@ patts bypieighheof thissRE wholl\Eamwnpdties of
polygnide-palymer,separafelyPreparng c-$elion Bxeomppsingdie in

remainder of the solvent and the remainder of the wholly aromacgi
Hactnge 2

polY&rhide FEIGmERY §hd PlikinG SoRfdnA aHdBbIbA B, Such 6
solwent i and the solvent-B safisfy e fallowing 80 vondidons aBthat timescess

(1) the vissesity-ofdhe seltignArat-a sheawrate, of -k seqentds Udd@de and
SQ times the viscosit_y ?er%?f a]'Er]a shear rate of 10 ge%%nd-:;ﬁqué&?o{h%m
Vlséosﬂﬂl]?ﬁ?ﬁés 561utic Ata % st Eierrraﬁet()):f'lggﬁf SeCond.' iS40
times tedvisdddityesfsolurioheat  a shéarifate of DACSERBAJINATATESUIEDS
thergaf.regionshaming-agelativaly a2 Q highdenasitofdayeristriciiedr the
clayL ‘ranﬁifré%rglsg%giglcegrg%n Q‘f gyifggﬂgrdgigefsed and distributed in the
When preparing the spinning liguid from the wholly
aromatic polyamide polymer, layer-structured clay mineral
particles and a solvent, the spinning liquid used in the
present invention is preferably prepared by preparing a
solution A, comprising a portion of the solvent, a
portion of the wholly aromatic polyamide polymer, 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 whelly aromatic polyamide polymer,
and mixing solution A and solutiocn 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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spinning liquid which, together with stabilizing the spinning process,
makes it possible to control the degree 5 of dispersion Y of the
layer-structured clay mineral patrticles in the resulting fibers to a desired
value, thereby enhancing the effect of improving the toughness factor of
the resulting fibers. Here, if the ratio of the layer-structured clay 10 mineral
to the wholly aromatic polyamide in solution A is less than 30 parts b

e who v
wetdntHEdifélencalin Yiseasine With Joidtish B tR¥rdksRe fhe Particles
layesrstivetured taghinerakiscmereeasily unifetnalyidistabuted it itwe

resiting, spigning Jiguid, and the effect.ofimproping 19¢he, Ioughngss che

factor is redtced. On the other hand, if it exceeds 300 parts by weight,
the BisEHbLRBNRIENSRY “of e Ier-StrubRied Bi&§ niifefa BECGmMeSNS degree
remarkabbyp dassiuniformeaind; fas alregelt -therstaliility «of thel spimmimg ral

Process ay. deqrease . 2Q. In.addition, it-thsviscosity of SQlUtion A ata ve,

shear rate of 0.1 second-' is less than 4 times the viscqgsity of solution

at HAREGPPaE P BN L8N thé Ay EFErGdturdtPday Hiferalfs ééDSWI%’ ness
unifarmly rdistfibtted , amsheista result; therformation of regions 25 having a

comparatyglylargerdistributign density of, dayes-siructred clay maineralay
particles decreases, and. the effect of improvinﬁgI the toté%mess facltor is

redticdBT Tn tife Gther AR it #ke8es 20 RinbL e TormBndi of 0" & *°
rediess haviag ad@latavetyshigh distilgition ddnsity 130 eflepeestiictidfescosity

clayjrpineral particles i thespinning liquid duting dhe spipnNGRIOEES L ay
becames Xcessive, %nd as regglrt{ Jncreases Qi%ackir&%reegsurne @Hg
soToriT 6& r}gnal%roceess stapility may décréase. R/ﬁ)reover, if the
vistesitléfisuiutioni Aat ashbbd vate 356D, L Becorid eig e s thERPEE> v ing
timesdhe visgrsitk dherget ata sheaate k10 seeondhs the-layer-hand, if
stryctured cla é“@%?" 15 gasily “”‘fﬁé”ﬂghdés,t”%teed&i%]t%%h&fi%eﬁsdensity
an(J:l, as a result, the orfnation okf¥eg|0n

of the layer-structured clay mineral becomes remarkably

less uniform and, as a result, the stability of the

spinning process may decrease.

In addition, if the viscosity of solution A at a
shear rate of 0.1 second™ is less than 4 times the
viscosity of sclution B at a shear rate of 0.1 second™t,
the layer-structured clay mineral is easily uniformly
distributed, and as 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, if 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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having a comparatively large distribution density of layer-structured clay
mineral particles decreases, and the effect of improving the toughness

factor is reduced. 5 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 liquifduring the spinning process
becomes excessive and, as a result, the process stability may 10
decreasgAlthough-thg solvent used ta prepare the spinpiag ikquidis regions
arbiran providec i dissolves ihe wholl, atomatic polemida s o
consistin prlmarlff} ot an amléé{-base polar Solvent are preferable,

speeéifie 15 examplesrevhith incldde sprotie ahtide based oFgame es, and

solvgBtssueBas Nmethylk-2-pyrglidone INMB), N-ethyt-2c pyiirolidonesduced.
N,N-dim thyla%(i({:‘éoargigggdi{nfeth Iformamide, tetrameth Iureg

3
he%lmg h?/lp%ospﬁoraml e ‘and'N- r%é&?/ﬁ)u?yr% ac a{"r]{nﬂ.e I'th(;:ug% tﬁgma won

terpferafié ot the 20 Spihning iguidk SKedld HeistitaBiysdet Hevbry #ensity
the, solubility-okthewhelly=aromedic pelyeside, ibisr piefeeable to sate
within.the range of 50 0C.from the standpoint of spinability in t e

o A A e PR ariie. DB N B LCar e o
iNVeREGS TidifieRBr) sheatnL6ftHeé Spinnify RARE af€ introditided; fsr may
exdmples digectly into an aqueous coagulation bath from a spinneret

normally having, 100 S0000ISENAOR bolesdg £9anlale e opinning

filamentary streanTand form undrawn fibers. 30 There are no particular
limitAESHCor the?ddibdsition oP 198 AG68odd cSHgttatiorcrath tged Hetd ¥
and ralthwugh the lopmpesitjort showdd berssitablyrsglectachacddrgingftoan

the, fypes.qf the wholly aromatic,polyamide and salveptuseds fqific

conventionally known aqueous coagulation bath 35 containin

inoPGEHIE L& afd/oP BoRRNE BSHBE TsBAE Rdre spatificams? %eiaé]e W) <

aramdticepdiyamidetis apoliimetaphehyenevsophthalamidel 8P the N-ethyl-2-

solyentis Niwddie, N,N-dimethylacetoamide, dimethylformamide,
tetramethyl urea, hexamethylphosphoramide and N-
methylbutyrolactam. Although the temperature of the
spinning liquid should be suitably set according to the
solubility of the wholly aromatic polyamide, it is.
preferable to set within the range of 50 to 90°C from the
standpoint of spinability in the case of
polymetaphenylene isophthalamide.

In the process of the present invention, filamentary
streams of the spinning liquid are introduced, for
example, directly into an agueous 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 agueous 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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methyl-2-pyrrolidone (NMP), a preferable example of the aqueous
solution has a calcium chloride concentration of 34 to 42% by weight and
an NMP concentration of 3 to 10% by weight. In this case, the
temperature of the aqueous 5 coagulation, bath is suitably within a range
of 80 to 95C, the immersion time of the fibers in the coagulation bath is
suitably within the range of 1 to 11 seconds. Since a considerable amount

of BENE TEATAME ST the UnerdWH fibersteRicvet ot the é6agthaign” he
bathg thes 1€ undrawn dibetsarezpreferabiynvashed:tbdxtracharch femaver: of

thexresidual selvent. Examples of methogs that are.gmployed inclydes o 103

passing the undrawn fibers through a water bath after having removed

thelY frofi-te ‘coaghifatibh *Batf® 8fid sphfyidghater dntd thedndrafn2 duecss
fibersa&he 4bselvent eanteat Nithedibers affemwashing isgeeferablyo to 95°C,
contthoéled to 30% bév%ej%%t ocg ge%% gng l| tQ;:sScc%Lnger%thies exceedfd water

rS10 doagulatilicn bath
may penlé%?e into the fibers i the  next rawing process or Voids may be

easily foraée rasultifg-iidecibgsaehfises strength: 201 EheSRESHE -

undrawn fibers aredeawisince wetied atmasphers anshpreferablyriaans on
wa 'T%ﬁwa&eﬁbf%@ while, Simultaneously, residual solvent anflineraanic. v, the
salts such as caqqum chloride used in combination as cessary, are
renGVEER WA SHIRE STRE Brdtin§esmpeattirestfthg-thezg-ract and
aforementionaedramingiisasuitablyyset mcconclingito the amauat abediventat

remaining.i dr ihers. Far e, in

S e RN 7 PITOI UNESE SO »
draiifit fekpbhatare R IprafefaBy coRFEIEH o f56E Clhfié 30 Frame Lation
casesthe amount0f residual solvent isless thare 5096 relativeftdthes .  The

polymerweight thedrawing teroperaiueds Q@S@%Q%&%ﬁlg@éoé@é@erably

100C. In addition, the draw ratio is preferably controlled to 1.05_times or
mof& Hirelpreftraly 1020 BhedorMdrednd 55 Buefi More préfdrably O tent
0.3ite Ot timesdhie medmunmdrave ¢atic-ofthe undrawh Hibefst fekeaw ratio the

at"i’l@ﬁlﬂﬁl?fﬁ%mﬁg’z%r'ocess or voids may be easily formed
resulting in decreased fiber strength.

The washed undrawn fibers are drawn in a wetted
atmosphere, and ?referably in & warm water bath while,
simultaneously, residual solvent and inorganic salts such
.ag calcium chloride used in combination as necessary, are
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 is
50% or more relative tc the polymer weight, the drawing
temperature is preferably controlled to 0 to 50°C, while
in the case the amount of residual sclvent is less than
50% relative to the polymer weight, the drawing
temperature is preferably controlled to 50 to 100°C. In
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

ratic of the undrawn fibers (draw ratio at which filament
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breakage begins to occur when drawn under identical conditions). The
resulting drawn fibers are normally dried at a temperature of 100C or
higher followed by hot drawing as 5 necessary and subsequent heat
treatment using a heating roller or hea}jn% late. Wholly aromatic
polyamide fibers obtained in this manner‘are then housed in a drum as
necessary, coiled or sent directly to post-processing, or after crimping as
10ecessary, drecut and suppliedito-drsubseguentdesiretdd process as
sheut fibers; EXAMPLES The following provides a more detailed
explanation of the present invention through examples therrfdovg} 15 In the
in

examples. the speciic progertiod Werd neasural by thete tags, @t @
(Intrmsjs=\fiscasity IV} Altestpolymes ivassdissaivadieNMBPat@t drawing as
concenuralon of 001398, And (e iseosy Al s, 20 QLN NGB a i1
measured at 30C using an Ostwald viscometer, after which intrinsic
visE8dityBfad EalbGiated Fomthisemeasured value. (Viscosity) The

viscosity afttbe Spinaing-igquid-was Ijeasited at 25ré0@bsigreed in this

visgameter manufagired, by, Rhgometric ?i?ﬁi%“@%“??@@e’?éﬁ?@h%%ﬂ%%d or

115). (Fineness) Fineness was measured in compliance with JIS-L-1015.

(TEHEE Strenih: UltimhatePRRhgREGHH0 8 %ileStrehghF And TifRRdRS 25
elongatigrewere measured irmcompligneeiwith 3kS-EfAP15Usitgrasample s ired

length,of20;mm, inigiglload of 0,05 g/dtex and drawing speed of 20

mm/min. (Layer-structured Clay Mineral Degree of orientation 35 A) The

degree of oOri HEakior was measured using an X - 24
The following provides a more detailed explanation

of the present invention through examples thereof.

In the examples, the specific properties were
measured by the following tests.

{Intrinsic Viscosity IV)

A test polymer was dissolved in 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 liguid 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 elcngation 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 corientation was measured using an X-
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ray generator (Rigaku Denki, RU-200B) under conditions of CuK a rays
for the target, voltage of 45 kV and current of 70 mA. The incident X-rays
were converged and converted to monochromatic rays with a multilayer 5
structured mirror manufactured by Osmic.fgllowed by measurement of the
fiber sample using the vertical transmission method. Detection of
refracted X-rays was measured using an imaging%}%ate th Photo Film

R G 708 Hhicx 360 A P EondiTon2 LR barter T0 TG bfore ©F

250umme: The degraerofiorientationeof the£laya dayes sudacewasnd current
determined with the following formula from the intensity distribution
St Bong & Byt ot (oH6RHGN SR (0T Bl
(18°nHRI86 X 100 IS NS formbiles W rsptestrits tife Malt Width Xakie of
thes intgasity distribution measwrath alongaiDekye Bng of thel reflectiony
peak. (Spinning Liquid Haze) The haze of the spinning liquid filled into
ce %sﬁlzfv?ﬁ%r% o%ﬁcatlgpeatﬁ erbn%?h %?T%t% ng lrr{?gas{u%gd ngﬁ%l tﬁ'maef'ﬂjl
NDOHZO00 L Shidity Meteh arhnufaGirReBy Nippbnt DERSRSKE (Avérage was
LaperaBhiekness of hgyanstideiyredClaya MineraliR artieles) 5rTihadayer
thicknesses of all (I@/er-structured clay mineral particles observed in a

crdbSRBLhORA ardy MBaduring’ 28 2 C 8 hranSiiitidg 8R2udh & camera
midregraph FEMS fhagnification: te0y0eex)of afiberiérditielinadt the clay

cropgaestian measuredysing the-H: 8Q% Election 3L Microseapsg formula
maputfactured by Hitachj, Ltd. followzgi y calculation of hei;[ average

valbiz fbegtee bF bidpetidn (ii‘?(')SSf: LRSI CiFES CIS) Mingls) TheePYe
aforémentidned whdlhearohsaticqsoiyarhitexfibe?d 135 wereeut along the
fiber axis, and the ggsulting Jengjtudingl cross-sections were observed at

a-2
In this formula, w represents the half width value of the

intensity distribution measured along a Debye ring of the
reflection peak.

(Spinning Liquid Haze)

The haze c¢f the spinning liquid filled into a ceil
having an optical path length of 1 cm was measured using
the NDH200C Turbidity Meter manufactured by Nippon
Denshoku. '

{Bverage 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 pm2 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

leongitudinal cross-sections were observed at a
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magnification of 100,000x with a transmitting electron microscope (Model
H-800) manufactured by Hitachi, Ltd.. When the total surface area Sl of a
plurality of regions in which changes in the state of the fiber
cross-sections 5 were observed due to the effects of the aforementioned
layer-structured clay mineral particles per25 m2 of the observed
cross-sectional area S2 was measured, the degree of dispersion Y of the
layerstruEiped &y mikerdl CpattiErés ' e fibeis agtelinéd by thd ectron
aferementiened 1Qiermula (l)swas calgulated-accosding o the fatlowjng.cd. .
formula. Y (%) = (S1/$2) x 100 The_average value of Y,;was determi :
froﬁn}}ﬁwr?eél(‘n%eg?u%;e)ﬁ sr.‘g C(%o?u]ii%an gﬁeaor%/is?co%llt%rﬁ% é%eé?e dregl?ns
vistbsity éfthe SoRAIBAWHEN Srepafing theShinnity FdliRg Wasimessiredt 2 ons
at ademperidievefd 06 aising theRkeumatrkl Sonanutactifeddyent ioned
Rheometric Scientific. 20 (Fiber Solvent Content N) The fibers(ﬁ/ re ,

of the

cenfifigedfor 16 TR s IStEtiRY "Spedd: BAGT fomfSriditd draw
anditlsen beited:=-for 4 shearsin methanolte exfrastthersohant add water inegree

EE% gi bgrss . ﬁfggﬁﬁf}%ofélﬁ:ﬂ F@féh @B‘?’éojlﬂ@df‘d\éﬁ ﬁi}t@a 2|é P%yaﬁﬁqr% and

e dry weight of the fibers M| were measured a e solvent wei .
CORBARAORE, 198 T el SRR s AGRedRd Wt A Gag o orent toned
chiorratodraph’ followedbylealdustich efthrersdivent tonteheNfol lowing
aceoyding:te the following formula. 30 N = (C/100 x M2)/M1 x 100

(Filament Breakage) A plurality of the resulting drawn fibers were

uniformly forfted iﬁto@%lgélzﬁuﬁ‘dlépgne end of the fiber bundle was
immobilized andtkerathe bundle was cutdsssothattheiergthiodhe othere
engfram.the immobilized end, was 20 cm. The total number of filaments

of the - 26 ) ) ,
{Solution Shear Viscosity)

The shear viscosity of the solution when preparing
Ehe spinning liquid was measured at a temperature of 70°C
using the Rheomat 115 manufactured by Rheometric
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 MZ after
extraction and the dry weight of the fibers Ml 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) /M1 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 immcobilized

end. was 20 cm. The total number of filaments of the
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fiber bundle at this time was designated as H. Next, the fiber bundle was
moved back and forth 10 times in the longitudinal direction in a bath filled
with water (longitudinal width: 0.5 m), after which the fiber bundle 5 was
taken out followed by counting the numbey of filaments that remained in
the bath. This procedure was repeated five times and the total number of
filaments that remained in the bath was designated as M. The number of

brdkerSamBRSR 15006 TX)PWAES theh 10 RatttfRisE dsiAg the fortfiutg - the
belbiwand thiswhs repeated vihreetimes 4o determine the aviarage valughe

X3 Mx 15000/ (b x T:xQ.2) Example 1 218 g 0 gg%ggeltm‘%—w&%%r

isophthalamide having an 15 intrinsic viscosity o  dl/g were dissolved
in 789 P NP Ed Yféd o & uRifdrimly Iraheparéht 8Bpd Sepdrafer bundle
fronuthix priocadane; afayerestrudtured ctayn minerat incthe deire of af

Smflcﬂta%n%%)éh@"%‘?{é‘k” %&ﬁdgiwié% polyoxypropylene methyldistyleqyre was

ammonium chloride 20 (trade name: Lucentite SPN, Co-op Chemical) was
miXEPaRd isger¥ed Nk P4l conéerithitph STUBR BY wielgHtl FRBENES
resulting layerastrisciured aaemineral dispersioniwas tadéleddoithe wiodly

arqmalic.polyamide salution Sa.as 1q. hayg the GOMAOSILoN shownig. ,
Table_1 followed by 25 stirring to prepare a spinning liquid (dope). The

haZ& 1§t iné Festiititiy ddheWas B akier e adsing the Résultifg dbpesa ted
it wascexirudeddntotthe dhbperof rfdampntary stregmsrohua spinneret

having a cap_ ogprp(etfg%g.pmﬂxm ﬁxng( 100 oles, the filamentary 30
streams were introduced Into a coagulation bath composed of a 43%

aqueous Eaiéimiénhldride solution (containing 1% by weight NMP) at

85C, and theh epagtilated phaspinming Ispeediof Jpmiminl AleEwashinOng an
the, ing.u filbers, w rayyn 4 times in hailing water .
folljéﬁig%%gé;] 3&%% gtlsbfzﬁé(c (gr%il ?H%s%zgtinhge%%drggvfnsg%gggséﬁna8 > 9
by A%73%Re& Bt 356€ 16 BBtiR whohy afGhaty - pyansparent dope.

Separate from this procedure, a layer—-structured clay
mineral in the form of a smectite clay mineral treated
with polyoxypropylene methyl diethyl ammonium chloride
{trade name: Lucentite SPN, Co-op Chemical) was mixed and
dispersed in NMP to a concentration of 1% by weight. The
resulting layer-structured clay mineral dispersion was
added to the wholly aromatic polyamide sclution 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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polyamide fibers containing a layer-structured clay mineral. Measurement

of the longitudinal cross-section of the filaments by TEM demonstrated

that the average layer thickness of the layer-structured clay mineral 5
particles was 90 nm. In addition, the degree of orientation A of the
layer-structured clay mineral particles as dbtained from the results of

X-ray diffraction was 91%. The tensile strength, ultimate elongation and
toughnessfadtor (TE¢ ok theaesuliing 10 fibers are-show in-Talkle 1:1ay
Exgmple.2 Whollyaramatic Dolyagyide fibers having,the, compesitign s..c v s on
shown in Table 1 were produced in the same manner as Example 1 with

the®xckPfort R ibciitd 15 Tayér-LFTeRPéd dlagIninkrd (ttade A¥ME2YE
Lucentiter STANi cRa-ep:Clhdamical) treated with ttiectvlradthyl ammoinisna L

chigride was tised far e layer-styyetured day,minergl, The haze gfthe

spinning liquid at this time was 1.92. In addition, the average layer

thickheE8 bf thePRyér 5§ strliGulctr @4y Afinsral parkicshids B RRT 3hd
thepdegreeleforentation=A mas FLonT hehtensde sirengihf ultinate

elopgatign, and topighness factor () of the; regulting fibers,are showndn o

Table 1. Comparative Example 1 25 Wholly aromatic polyamide fibers
wefe' prodtedTh e saMEHARTST dEXSMpIETT With thé BRedptivn'd n9
notf ¢ortaining fayehstroctured'elay eniheral. The tensile strength,

ultimate elg@gl@%qg apd toughness factor (TF) of the resulting fibers are
shown in Table 1 Amt. of Filament Degree of Tensile

Utimate TOUGIAGSS TG fiferRb GHBHER i Syt STohBEta factor

strietedsdtexy A ehlayer- {eN/Btdx) €s)lclay seustoret: enideral cllye same

addedhminerak Example 1 with the exception that smectite
layer-structured clay mineral (trade name: Lucentite STN,
Co-op Chemical) treated with trioctyl methyl ammonium
chloride was used for the layer-structured 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 aromatic 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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(Wt%) particles (%) Ex.12.01.74 91 4.42 40.7 32 Ex. 2 1.01.21 91 5.56
28.934 Comp. 02.26 -- 3.89 29.5 24 Ex. 1 Example 3 0.16 parts by
weight of polymetaphenylene 5 isophthalamide having an intrinsic
viscosity of 1.9 dl/g were dissolved in 1n_.4(§‘l§a[ts by weight of NMP and
stirred to a uniformly transparent dope. 0.18 parts by weight of
layer-structured clay mineral in the form of smectite clay mineral treated
with polyoxypropylene methyl diethyl T0=&mfohium chloride (trade name:

Lucentite SI2N, (G-0p Lehemical) Wekg-agded 10 this,-dope Tolowed-RY | Toughness
stirring to prepare PqglymemSelutioniknSeparate fronmthis prdcedareon | factor
17.44 pari$ pirweight of gblymetaphrehyléner isoptithatsrmide were:)
lissolved in Jén%ea?; pafts by weight Bt Kk Wto prepare transparent
Polymer S(r)[\y(g@(g}j . After mixing anqlﬁlggygg the Polymer Splutions A an
3, 17.08 partsitw) weight of NMP|weea-furbes added to thisimixture to
preparela spinning liguid composed of (3¥.60 parts by weight of

[N

W5Emeétapheryléne 20 isbphthalamide °3.18 parts Wy ?A?pig}{t of Littehtite 32

S EXr Ak e clE NN G 34

T
SPN-(rpde-rame)-and g 32 parts-by \,9"4]eight FNMP—Fhis spinzﬁﬂ‘"gliqui
Co - 265 24

vas Nedted to 85C and exiruded| in the form of a filament stream from a

e f A\ = e

spinneret having a hole diameter of 0.0/ mm and 1500 holes and then 2

introduc_e_dewéo afé)agulatio_n bath at 85C to prepare undravv_n fibers. The

composmelﬂre%eeagulatlon bath consisted of 40% by weight of

calcium cHledde, 5% by Wweight bENMP AngSEYRbY sdight ot Water, and

the spREsion tanot (effective; coagulation hathdergtbrvast 2900 . 5 dl/g

oS08 Ol Do o ol s e

air.frhed uniformly transparent dope. 0.18 parts by weilght of
layer-structured clay mineral in the form of smectite
élay mineral treated with polyoxypropylene methyl diethyl
ammonium chleride {trade name: Lucentite SPN, Coc-op
Chemical) were added to this dope feollowed by stirring to
prepare Polymer Sciution A. Separate from this
procedure, 17.44 parts by weight of polymetaphenylene
_isophthalamide were dissolved in 63.68 parts by weight of
NMP to prepare transparent Polymer Solution B.

After mixing and stirring the Polymer Soclutions A
and 8, 17.08 parts by welight of NMP were further added to
this mixture to prepare a spinning liguid composed of
17.60 parts by welght of polymetaphenylene
isophthalamide, 0.18 parts by weight of Lucentite SPN

(trade name) and 82.22 parts by weight of NMP.
This spinning liguid was heated to 85°C and extruded

in the form of a filament stream from a spinneret having
a hole diameter ¢f 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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coagulated undrawn filaments were sequentially washed in 5 first through

third aqueous washing baths. The total immersion time of this washing

was 50 seconds. Furthermore, water at a temperature of 30C was used

for the first through third washing baths. t, the washed and undrawn

filaments were drawn 2.4 times in hot water 10 at 95C, and after washing

by continuing to immerse for 48 seconds in hot water at 95C, the

filatEhtSWere GiytiatPiésted by Widigomty a rolieeravig AsiFfacee

tempergture of 30€ aSubsaguentiycthe fitaments wetei drawirht 75imes were

whi ' it ing plat Vi su t eratyre of

3300 b BEHLch. DO e iont o haainde Teris The fidness

of HEEHITErE asF6 dext e pRilS seRGth &5 A B aNAllex iHeed 10

thefultimatecélongation-was 4 3:2% < bhe maxnumodrawmnatio in the: total

abaye:mentianed was 20-4.4,(dray ratig/maximumadra rale 7.0.51).k

and the solvent content before drawing was 5.0 parts by weight relative

to FOO-paues by Weight f ¢ive wholly sromatic2 polyantide. IA°&ddiion, wsed for

nurmker afbioken flesegs intie 20abevernenligned g atde washea
rawing processes were 6 per length o , and the degree 0

d is%Ielrglsiann\C?%Effl the &)/Eear?é%)rrh%Fu rgg ‘E?aydlrﬁ ﬁ]"érrlarl‘ngas 39 e thstr}ggul s'at et

areashdWitih Tablé 2 Bxample 413(000.32partsrbyiweightottheisame-se for 48

polymetaphenyleng isophthalamide der_ysed_in Example 3 were _
disgglggcrip #\S 6¥AT6 Bgrkis ﬁ?/g\:/\?eﬁgﬁttof coto ed ol-lﬁf&e 0 psreggfeeadry heat

trafsSpsRERhamMEE 86l iien L2 parts by Wegightesti laye i stuctiirstEclay
mineraljn.the form efsmegtite 35 %'9?5@%%@#@5 Eﬂ@ef&%mmecs were

SPN, Co-op Chemical) were added thereto followed hy stirring to prepare

- 36" PEmér SBIUOATE Sehat&teIroh 455 brocdtiurd, £3. 58 Partdhy tate
welght ohpolymetaphenylenerigephthalamide wers °disselved tuidd.49

pa@%?&%@&ﬁgﬁ%h@@%§80§g§85%g8lamide fibers. The fineness of
these fibers was 2.26 dtex, the tensile strength was 5.16
cN/dtex, and the ultimate elongation was 43.2%.

The maximum draw ratio in the above-menticned was
4.7 (draw ratio/maximum draw ratio = 0.51),k and the
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 welight of the same polymetaphenylene
isophthalamide powder used in Example 3 were dissocolved in
5.46 parts by weight of NMP cooled to -10°C to prepare a
transparent polymer soclution. 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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" above- mentioned spinning a

to prepare transparent Polymer Solution B. 5 After mixing and stirring the

Polymer Solutions A and B, 30.73 parts by weight of NMP were further

added to this mixture to obtain a spinning liquid composed of 17.60 parts

by weight of polymetaphenylene isophthalgmide, 6.80 parts by weight of

Lucentite SPN 10 (trade name) and 76.6 parts by weight of NMP. This

spinning liquid was spun and drawn according to the same conditions anq

ProcBdifeas EXAMples té produtB2patymetdptidnieng iSotthsiamide +° - 28

fibegrs havingyfinenega tof 1§ diexytengik strehgiheof16:03 chidtér Nt were

15 yitimate clongation of 45.3%. The pumbet gfroken famentsnfne, o —; oec
drawmﬁ processes were 10 per [ength of

15000 B ahdthe HegreersfdisperSiohweetthechyei-siuétured clay

mineral wag 28%. Thegst results 20arershowndn dablendrTablg 2t ions A

Example 3 E 4 Layersstructured clay mi | wi%* 1.0 4.
Soﬁjﬂgne%'vé?gg%é gﬁé?rlsvi}é\'@fos"ft{f/::L %Ese%f?ﬁ%ﬁls_evjeﬁ%gf élAth(()% %ﬂeggded Fo
vis&EGsiy: 10 $BEX fpdise)F0-95 'SElUEH BRAStDsity SSHERrAsERRFED. £ £

sect (poise)k420:41) Rineness (siex) 2i26.248phensile=sisength

(cN/dtex) 5,17.5,32 Ultimate glongation0.43.2 4 Toug

ok gt o b Lt e SR I
dispEERAREY (19633125 2B A8 ® oR IiGhtf vitphy AFomati¥ PBlyamide.

Example 5?_8_5 Spiping and drawingdverecasgedchoatacedrding tadherding to
Sa@ﬁgoggﬁ{gn%ggg{9£9%%@r%§§ W%éf@oygvﬁg{aﬁ ng@ t@g produce

same spinning solution as Example as used, the hot water draw ratio
waf9 R Ea PR LS isophthalamide fibers having fineness
of 2.18 dtex, tensile strength of 6.03 cN/dtex, and

ultimate elongation of 45.3%.

The number of broken filaments in the above-
mentioned spinning and drawing preccesses 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™ (poise) 2730 3420

Shear viscosity: 10 sec’ {poise) 90 95
Solution B viscosity:

Shear viscosity: 0.1 sec™ (poise) 420 410
Fineness {dtex) 2.26 2.18
Tensile strength (cN/dtex) 5.17 5,32
Ultimate elongatiocn 3 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 whelly 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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- 31 plate draw ratio at 330C was 1.50 times. Polymetaphenylene
isophthalamide fibers were obtained that had a filament fineness of 2.22
dtex, tensile strength of 5.49 cN/dtex and ultimate elongation of 5 40e7%.
The maximum draw ratio in the hot water gdrawing process was 4.7 (draw
ratio/maximum draw ratio = 0.60), and the solvent content of the fibers
prior to drawing was 5.0 parts by weight relative to 100 parts by weight

10 Bl theawHsyraroniatie polyahdieles Irv addition, thé Hisdatber of broken
filamenisrinthentibers was 8 pebho0R0 B The testyesults.aresshoyikitned
Table 3, Example 8,15 Spinping,and drawing were, garied.out aggording
to the same conditions ana _procec‘fure as Ifxample . ﬁowe\/er, aft:'hough
thesdanse §pinning Soldtibrrdld Bkampia8 wakt ised; 2he wertiryitihe o f
priargo ot water drawing was 34 seconds. Fibers were obtained that had

a filamentrﬁgefine§§§s of 2,21 dtegtgggi%gtrgg%hgé?.l& %N/:gt%f(r aﬂgn
ultimate eIongaﬁon o148 396 *Fhe Maximum draw ratioin the Hot Water 2

draMifG Frecessswas 4.9(@raw rafs/hidmamarawdagy =aa9p and - 60) .

theasplveri €optent ehthediters RHOB angwing: 22 wasgh4i@ pars byrawing
weight relative to_100 parts by weight qf the wholl atic polyamide, In
R R bl S e i TR
Théfest fesuitsdré $hdweria tTable Bl ¥ 3pidrable 3 Example 3 Example

5 Examplef kayersisieiured layumineralost%irb Q<n0 1:0 MMRwonientthe
in undrawn fipecs %p%&-ol%%é‘-%.'\"aﬁjﬁ‘ém%grsauw RO AL L L8 shown in
Draw ratio 2.4 2.8 2.

Table 3

Example 6

Spinning and drawing were carried out according to
the same conditions and procedure as Example 3. However,
although the same spinning sclution as Example 3 was
used, the washing 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 ratic in the hot water drawing
process was 4.9 {draw ratio/maximum draw ratioc = 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.



10

15

Draw ratio/max. draw ratio Ratio 0.51 0.60 0.49 Filament fineness (dtex)
2.26 2.22 2.21 Tensile strength (cN/dtex) 5.16 5.49 6.12 Elongation (%)
43.2 40.7 48.3 Filament breakage (No./15000 m) 6 8 2 *: Based on
weight of wholly aromatic polyamide **: C Qtegt per 100 parts by weight of
wholly aromatic 5 polyamide INDUSTRIAL APPLICABILITY As wholly
aromatic polyamide fibers of the present invention have improved
mechanical strength, degree of elongdtidhl&nd’toughness factor as

compared with fibers 10 of the prior art not contdining-a 1ayer{stxcpreds | example 6
dlaye misterat tthey cairbendsed 43 variousyagplications that tgke 1.0 1.0
AW aseaGE i L Ehars faristics. In_addiBe méjiﬂg_taﬂ!ﬁe 5.0 14.0
ST b s BE the-present—invention,-theloccutrdnce of filafndnt 4.9
poraly ratie . A i - RO |:, :::uzﬂzl,qv: ; 2.:.:5,\; 2.4
AR GRAE SOV Al TR Y g TOUTAWITT ) VDR TE UGS et I T T 2g0! 0.49
Stabie - qUaily &) He Stably produced Nguelialy. = 35 2 CAIMS 20573 2.21
Deawnianeteeeqted wholly aromatic pelyamigds flbers compri§ing a resin 6.12
ifion comprising a matrix_composé#:of aiwhally- aromatic 40.7 48.3
&]%@Pﬁf&e PESHE AR layer- s st lﬁﬂ@rpﬁ?@ﬁ\? Mineral patticles disperfsed 2

and distributed in an amount of 0.05 to 20 parts by mass, based on 100
parts bBy: nizssaat the: matrixghire thefmatrdd 12, Eheowholly-aeaiatieni de

polyamidedihers as claimed i claim.l; whergin.a plurality o4regians, i ot i
which the 10 layer-structured clay mineral particles are distributed in a
reldtivelANgA Yistribution density, are scatteringly distributed in the

wholly aroiiEdi¢33uyahida Palr>3a B The¥wholly aromatic polyamide
fibers as claimgg, 15 jn glamaltcz{@,;ymegggmiwgerﬂhﬁewgolty@reﬁ@%esent

polyamide fibers are cross-cut along the fiber axes, the resultant

croSC LBRUaHA photEs AN BEErsed iGN Co - SCrength, degree of

elongation and toughness factor as compared with fibers
of the prior art not containing a layer-structured clay
mineral, they can be used in various applications that
take advantage of these characteristics. In addition,
according to the production process of the 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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electronic microscope 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 layer-structured clay mineral particles distributed in
the observation area S2 of 25 umz2 is foun 3 is measured, the degree of
dispersion Y of the layer 25 structured clay mineral particles in each fiber,
defined by the equation (1): Y (%) = (ST52}%300 (1) is in the range of

from 0.1 tg 40. 4.gthe.whalhnaromaticnolyamidesfipers-as staimed 30/ de
anyfo,rkeec%f claims 1 to 3, wherein the layer-struc

tured clag/ mineral :
compriset at 1638 ohd " dtfeded oM nettbtite Sapohits Libverishes @ matrix
beiduiitec sacntadforilonhe dhd saellinghicaps.1Vhe wheolly arovmationd layer-
FOIWTg@f@??a,ggwg T%"%%u?@ya%%@i@l%ira% dda %,] whetgin the
ayer-structured clay mineral particles are ones treated with an
intecr{claﬁé:tfnlg% 3&5%1. X 34°6 ﬁ\%o\)\]lﬁglly%rro%g}lc ﬁcﬁygr%id%aﬁtb%?s gé/ mass,
claibvegieth ary 6RE of ekairms 2 xtoB2 whepdin the layer-sictuted ey matriz.

mineral pagticles have anaveragedayerthickngss oh 1024050048 B 4. claimed
The.wholiy aronlaticw%%!)éamide fibeisu%%flafimed in_any.one of C‘Iaims?l
a

t
3, wheréin the layer-s flctured cE‘clgy minera ﬁar?i%lers Ve's deglrrée% 1¢h the

oriehBatRR A& bF BOD8 bt Incréadetdiminedlin aetdidahes vithehe bgtatdm ted

(2) 110 A(Y) F€18Q:1 w)A 80hx 406 £2)i b equatien: (29 wyepresents a

half v. width of an,intensity distribution determi inan X- ra .
e R ok o 1 AR pet yaniae
of d'&H&dfion peak in a 15 (001) plane of the layer-structured clay mineral

particles. 3. The wholly aromatic polyamide fibers as claimed
in claim 1 or 2, wherein when the wholly aromatic
polyamide fibers are cross-cut along the fiber azes, the
resultant cross-—sectional profiles are observed with an
electronic microscope at a magnification of 100,000, and
in each cross-sectional 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 pﬁ@ 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(%) = (S1/82) 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-structured
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 polyamide fibers as claimed in any one of claims 1
to 3, wherein a ratio (T/To) of a tensile strength (T) of the wholly aromatic
polyamide 20 fibers to a tensile strength (To) 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. ore. 25 9. The wholly atomatic polyamide :
fibers as cl6a'imed[iwlkﬁg?'atn‘“’;f1 ((?r%g %f claims }fg 3?\% g%é?r% %%a%%%ﬁ‘%‘:so)%? aﬁlamed
ultirfate*8longatior? (E) G hB vhol [ aromatie pélyamide dibbiy forars t ructured
ultimateyelangation (Eo)raf comparative: wholly aeamatic palyamide.fikersess of
identical to %\@prl%ll‘y 30 aromatic polyamide fibers except that the layer-
structured clay mineral particles are not contained therein, is 1.1 or more.

10. The wHolly arbffatitisolyamiiectiets &s erdiied LiRsansiGirst dgintsl a imed
1 td 3, whereimthedoughaesssfattar o35 (Thref the wholly arematic- st ructured
pO'X%ngdeIﬁ%é%%%f'g%dr by Ahe equation (3), IS I X ELL Q)35 10, 5 of
which equation (3), T  represents a numeral vafte of the tensile strengﬁ1

in UMitof QfL A UEx of $hé WhoNG ArdrafiCFEaRTGEfibersane e equation

repfesents a numeral value of the ultimate elongation in unit of % of 5 the

wholly aro%}%ogf pglygmigg fi’pe&i,)i g%orpqrgoll. The wholly aromatiﬁ(ez)

polyamide rs as claimed in claim wherein the ratio (TF/TFo) of t
tenacity factor (TF) gtaé wiholly &komatic pelpamidenfisers tbahé value
_tgnagi@/?&actq_r (Eﬁol)liﬁft@@mmar}ati@;@ M&gﬂ%&mmi@é&ﬁq{ﬁ@iﬂe fideran x-
identical to the whally aromatic. polyamide fibers except that the
Iayéra-gtruacr;[llejlrl;]';e Scjlasyyor%in%?laﬁ (p:)laeléﬁjééfg gFerr%‘t{c%ﬁ éﬁ%& ﬁ’}ferrélih?ﬁsrfi or
moF& 291 Fhe svholly A matiEPokranidadbels as eames I5on arydnein a
of claions)l o3 nwherein the laygestruaiwiedrured clay mineral

particles.

8. The wholly aromatic polyamide fibers as claimed
in any one of claims 1 to 3, wherein a ratic (T/To) of a
tensile strength (T) of the wholly aromatic polyamide
fibers to a tensile strength (To) cf 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.

9. The wholly aromatic polyamide fibers as claimed
in any one of claims 1 to 3, wherein a ratio (E/Ec) 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 claims 1 to 3, wherein the toughness factor
(TF) of the wholly aromatic polyamide fibers defined by
the eguation (3):

TF = T' x E''/? (3)
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clay mineral particles contain organic onium ions located between layers
thereof. 13. The wholly aromatic polyamide fibers as claimed in any one
of claims 1 to 3, wherein the wholly aromatic 20 polyamide resin is
selected from meta-wholly aromatic palyamside resins. 14. A process for
producing drawn and oriented wholly aromatic polyamide fibers

comprising extracting a spinning liquid comprising,a solvent and a wholl
25 aromatic polygfmnid‘é%rjéé?ﬁ an f—é%/%ﬁgtr nc%n’eggzlaf erﬁﬁ%?aﬁrgé?ticﬁesn %meml
an &mbuft 6ff0.05 o ROpaktschys Miassyidr 100 paristbyhags bf thedtex of
whelly-aromatic ypolyamide; iesibiiyerghia spinpetel ta fomefilamaitayent s a
streams of the spinning fauid, 30 Intioducing the flamentary streams of - 5 ¢
the” spinning liquidito an agqueous coaguefatlonobacfﬁ 0 coagulatfe e
filarhBAtan Stréams BPTReE sginAimgYRjuidi rédwing the rdsultabt ORdROEE -

filaments in1a wetted aimesphere;: and Shdrydeakieating thesresuliantz1 a ined
drawn filaments. 15. The process for producin lly aromatic, - 3 .

O AMITE TEr 06 oA R ol T wHGrehh 1 Sty [t nact £
prepareey mbdng asokitonvA Corprising & pbtidreéfithB sekehikers to
portier of thea whelly axeratic polyamiderresingiagd lyetrstrusitiad,claydnatic
mineral particles in.an amount of 30 ta 300 parts by,mass  per. 100 parts

oy B B o neks S, ReLdgaPes
corRpHsiid iHéSremdifing poFeG tof B Solvaft, Iy fefaiking PorfGitiofr -2y
themnholly aaromatic ipolyamidea esing and satisfiesdtheieguitements 101 or
(1) gpd £2): (1) the viscosity of the solution (A) at a shear rate of 0.1
second-1'is 15 to 80 times the viscosity thereof at a shear rate of 10

second-1, afd (2)fthe WSSy ot e eGitfoR pAyargde fibers as claimed

in any one of claims 1 to 3, wherein the layer-structured
clay mineral particles contain organic onium ions located
between layers thereof,

13. The wholly aromatic pelyamide fibers as claimed
in any one of claims 1 to 3, wherein the wheolly aromatic
polyamide resin is selected from meta-wholly aromatic
polyamide resins.

14. A preocess for producing drawn and coriented
wholly arcomatic polyamide fibers comprising extracting a
spinning ligquid comprising a solvent and a wholly
aromatic polyamide resin and layer-structured clay
mineral particles in an amount of 0.05 to 20 parts by
mass per 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 liguid into an aquecus coagulation bath to
coagulate the filamentary streams of the spinning liguid;

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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15 shear rate of 0.1 second-1 is 40 to 20 times the viscosity of the
solution (B) at a shear rate of 0.1 second-1. 16. The process for producing
wholly aromatic polyamide fibers as claimed in claim 14 or 15, wherein
the concentration of the wholly aromatic pelyamide resin 20 in the
spinning solution is 0.1 to 30% by mass. 17. The process for producing
wholly aromatic polyamide fibers as claimed in claim 14 or 15, wherein

the Arali Fatioof tHE Gharaiin fitamdiislintheWettdd afmodptirgi<inthe
rangeiofr.840 DiGitimesthe @bemaximting drawd ratiogofihe ahdrawm A

filaments.18; J&ﬂ%ﬂ;@&%ﬁ@{ Rredyging whelly aromatic, polyamide fibers,

as claimed in claim 14 or 15, wherein the solvent is selected from polar
anie $0iWe AtsOTG M e Proces f6rprodacing WHolly Hr6matic Bpctured clay
polyamide: fibes@asicamsed. in dainetdaniSpowhérein dthé Whallgrts by mass

ar?fe@i_q@@'yg@id@sf%w 5-selecied from mefawhally Homalics o1 yami de
PO ggg%?&%%??éxsolution B comprising the remaining portion
cf 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 40 to 20 times the viscosity
of the solution (B) at a shear rate of 0.1 second™ .

1l6. 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
polyamide 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 9.6 times the
maximum draw ratic of the undrawn filaments.

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

18. 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.



