DESCRIPTION META-TYPE WHOLLY AROMATIC POLYAMIDE FIBER

EXCELLENT IN HIGH-TEMPERATURE PROCESSABILITY, AND

METHOD FOR PRODUCING THE SAME TECHNICAL FIELD The

present invention relates to a meta-type wholly aromatic polyamide fiber

excellent in high temperature processability, and a method for producing

the same. More specifically, itt8REas told Abvel meta-type wholly

aromatic polyamide fiber that contains an extremely small amount of a

solvent remaining in the fibers, contains a small amount of a volatile

substance harmful in a heat treatment step at a high temperature, is
MigahaBletet suppréssing’eibrafidn of Bdiber groduct latifis capabte BT TN

roviding a product with high performance and high quality, produced b
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from a meta-type wholly aromatic polyamide polymer solution containing
S%Ngalt, to a saturated steam treatment and then to a heat treatment to

form, and a method for producing the same. BACKGROUND ART It has

been well known that a wholly aromatic polyamide produced from an

TaFematic diamipe.and an aromatic dicarboxylic 1 dichloride is excellent in
heat resistance and excellent in flame retardancy. It has also been known
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aromatic polyamide £fiber excellent in high temperature
procegsgability, and a method for producing the same. More
specifically, it relates to a novel meta-type wholly aromatic
polvamide fiber that contains an extremely small amount of a
solvent remaining in the fibers, contains a small amount of
a volatile substance harmful in a heat treatment step at a high
temperature, is capable of suppressing coloraticn of a fiber
product, and is capable of providing a product with high
performance and high quality, produced by subiecting a fibrous
material, which is formed by a wet spinning method from a
meta-type wholly aromatic polyamide polymer soluticon

containing a salt, to a saturated steam treatment and then to

a heat treatment to form, and a method for producing the same.

BACKGROUND ART
It has been well known that a wholly aromatic polyamide

produced from an aromatic diamine and an aromatic dicarboxylic



can be obtained from the polymer solution through such a method as dry
spinning, wet spinning, semi-dry and semi-wet spinning and the like. In
the wholly aromatic polyamide, a fiber of a meta-type wholly aromatic
polyamide (which is hereinafter abbreviated as "metalamide” in some
cases) represented by poly-m-phenylene isophthalamide is particularly
useful as a heat resistant and flame retardant fiber, and as a method for

diprodueing-thes metalamide fiber, the dellavdng swamethods (a)ald (Rt in
have been employed. Furthermore, the following method (c) to (e) have

f1been alsbgrdpessed as atmethed farferoducing the-metatamidet fiberw(@) 11y
A method, in which m-phenylenediamine and isophthalic chloride are
arsubjectedtollpantedrperatare solltonnpaotymetization ivent, and a fiber
N,N-dimethylacetamide to prepare a poly-m-phenylene isophthalamide
cagdhgtion,and ke apolyhrepsbigtion containimycalciomahleridé a method
obtained by neutralizing hydrochloric acid by-produced in the solution
a8 R caleimi FirosRie RPdiyDsgaiitossibtiues 8 metakeride fipbr{seaning
JP-B-35-14399 and U.S. Patent No. 3,360,595). (b) A method, in which an
andyqgdific $dtént (such as tetrahydrofuran) that is not a good solvent of a
i a m-phenylenediamine salt and

product olyamide containin
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whggﬁtﬁ?irgg%ggég%rgggicyggg gc%i%@g&geinst hereinafter abbreviated
asg “metalamide” in some cases) represented by poly-m-phenylene
isophthalamide is particularly useful as a heat resistant and
flame retardant fiber, and as a method for producing the
metalamide fiber, the following two methods (a) and (b) have
been employed. Furthermore, the following method (c) to (e)
have been also proposed as a method for producing the metalamide
fiber.

{a) A method, in which m~phenylenediamine and
isophthalic chloride are subjected to low temperature solution
polymerization in N,N-dimethylacetamide to prepare a
poly-m-phenylene isophthalamide solution, and then a polymer
solution containing calcium chloride obtained by neutralizing
hydrochloric acid by-produced in the solution with calcium
hydroxide 1is dry-span to produce a metalamide fiber (see
JP-B-35-14399 and U.S. Patent No. 3,360,595).

() A method, in which an organic solvent (such as

tetrahydrofuran) that is not a good solvent of a product



and a soluble neutral salt to isolate powder of a poly-m-phenylene
isophthalamide (see JP-B-47-10863), and the polymer powder is
re-dissolved in an amide solvent and then wet-spun in an agueous
coagulation bath containing an inorganic salt to produce a fiber (see
JP-B-48-17551). (c) Amethod, in which a molded article, such as a fiber,
is produced by a wet-molding method from a metalamide solution

po coataining na:inorgamicsalt orza smatkdamoynit(@40 3%} afe lithisell t and
chloride formed by dissolving a metalamide synthesized by a solution

1 sqolyimeriZation imethodiin arsamidésolvent (see AP-A-B0BR167). @veous
method, in which a metalamide polymer solution, which is formed by

s0 Lition polyiFRAzZatsn id-ahainide Solvasiaand conldins cafciorhrchlende ©
formed by neutralizing with calcium hydroxide, calcium oxide or the like,

andindiwatef, i PassedtHroigh a §ad by exfrudingdntditie galniffoughct @
spinning die, and then introduced into an aqueous coagulatin bath, and

0 1 FoHHER ALLEE oL A Ao SOtEn 0 2 hBrdaAic Shit, Saeh-be
%%“calcium chloride and_tg[e like,.to fgrm into a fiber. material (see

po lagn 1ve
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contains calcium chloride forme eutralizing with™ calcium oxide,

in&RlLlumoxide or the Iike, and water, i, spun dnto afp.agueois; ceagujation
bath containing calcium

(¢} Amethod, inwhich ameoldedarticle, such as a fiber,
is produced by a wet-molding method from a metalamide solution
containing no inorganic salt or a small amount (2 to 3%) of
lithium chloride formed by dissolving ametalamide synthesized
by a solution polymerization method in an amide solvent [see
JP-A-50~52167) .

{(d) A method, in which a metalamide polymer solution,
which is formed by sclution polymerization in an amide solvent
and contains calcium chloride formed by neutralizing with
calcium hydroxide, calcium oxide or the like, and water, is
passed through a gas by extruding into the gas through a
spinning die, and then introduced into an agueous coagulating
bath, and is further passed through an aqueous soluticn of an
inorganic salt, such as calcium chloride and the like, to form
into a fiber material (see JP-A-56-31009).

(e) Amethod, in which a metalamide polymer solution,

which is formed by sclution polymerization in an amide solvent



chloride in a high concentration through a spinning die to form into a fiber
material (see JP-A-8-074121 and JP-A-10-88421). (f) A method, in which
a polymer solution of an. amide solvent is ejected into a spinning column
at a high temperature through a spinning die, and cooled with an aqueous
solution at a low temperature at the time of being ejected from the
spinning column, and is then stretched in a plastic stretching bath to form
anfhtoarfibel having bodonsidarably fitre pbrous: tature and wrdensityraf 1:3.th
g/cm3 or less (see JP-A-52-43930) . (g) A method, in which'a meta-type
ca heamid poldifer ishiuticreortaining sdsstaktialyend sk is edaguiatesy 15
ejecting into a coagulation bath containing an amide solvent and water to
SPY¥Srmi& fiBroas matdiRl (MarfeAt iwhichds stiBséquenily dtrichad fita c1um
lastic stretching hath containing an amide solvent and water and then

ch $Gbietted ToFifdiAg With SRater Ahud heaf fedtmaritisgg 109 die to form

. JP-A-2001-303365, JP-A-2003-301326, JP-A-2003-342832

nlip A 2004 2040, TP R 200E-5435 e I AZ008 B3 K 98421
method, in which 3 meta-type, gramid polymer, solufion is coaqulated by, 4
ejecting intoacoagula%%n ath contalnFr%/g amide solvent and water to

850 IQfQ%acﬁPéogz material (filament) nwhich is.subsequently siretehed, &%‘&re

air under 4 heat in a state where the fibrous material contains the amide

+n50leRt.and then subjected to heating, and aneat treatment s solution
(JP-A-2001-348726).

at a low temperature at the time of being ejected from the
spinning column, and is then stretched in a plastic stretching
bath te form into a fiber having a considerably fine porous
nature and a density of 1.3 g/cm® or less (see JP-A-52-43930).

(g) A method, in which a meta-type aramid polymer
soluticon ccontaining substantially no salt is coagulated by
ejecting into a coagulation bath containing an amide solvent
and water to form a fibrous material (filament), which is
subseguently stretched in a plastic stretching bath containing
an amide solvent and water and then subjected to rinsing with
water and a heat treatment (see JP-A-2001-303365,
JP-A-2003-30132¢, JP-A-2003-342832, JP-A-2004-3049,
JP~A~2005~54315 and JP~A~2005~54335) .

(h) A methed, in which a meta-type aramlid pclymer
Sblution is coagulated by ejecting into a coagulation bath

containing an amide solvent and water to forma fibrous material

(f£ilament), which is subsequently stretched in the ailr under



(i) A method, in which a polymer solution containing a meta-type aramid
and an amide solvent containing a salt is ejected into a coagulation bath
containing an amide solvent and water and containing substantially no
salt to form a porous filament, which is subsequently stretched in a plastic
stretching bath containing an aqueous solution of an amide solvent and
subjected to rinsing with water and then a heat treatment
hefJPiA-2005-232588) 1k the méthoddal , i therfibrous polymessohutiornide
spun from the spinning die, the solvent is vaporized and dried from the
sod/itsmity oftheé SurfateBithe fibrolistmaberidl i0:Be #0héd 'eviiRgte eypment
spinning, and thus a dense and firm skin layer is formed on the surface of
(TRREMBEN Weedringly, it is difficult to remove sufficiently the solvent
remaining in the fibrous material after spinning even by rinsing the solvent
with water or'thBfik8 Eons8qtiEnt? the Sulveht FemRiring IR thetibes 2179

brinegs about such a robé?m that thg fiber_ suffers, ug
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. potation_or itign.of the salvent.remaining. In the methods
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an@ WGP Wekspinning .yl Supan inrodyeing into dhe aQUEQUS., 4 porous

coagulation bath or the aqueous coagulation bath containing an inorganic
£1 Sakdn 8 highn concentration, e sobwent is released-fram the,vicinity 0f s+ 1
stretching bath containing an aguecus scolution of an amide
solvent and subjected to rinsing with water and then a heat
treatment (JP-A-2005-232598).

In the method (a}, in the fibrous polymer solution spun
from the spinning die, the solvent is vaporized and dried from
the vicinity of the surface of the fibrous material to be formed
owing to dry spinning, and thus a dense and firm skin laver
is formed on the surface of the fiber. Accordingly, it is
difficult to remove sufficiently the scolvent remaining in the
fibrous material after spinning even by rinsing the sclvent
with water or the like. Consequently, the solvent remaining
in the fiber brings about such a problem that the fiber suffers,
upon using in a high temperature atmosphere, yellowing and
generation of an organic gas due to evaporation or
decomposition of the solvent remaining.

In the methods (k) to (e}, evaporation of the solvent

does not occur in the spinning step owing to wet spinning, but



the surface of the polymer solution formed into a fiber form into the
agueous coagulation bath, and simultaneously water invades into the
interior of the coagulated fibrous material from the vicinity of the surface
thereof, so as to form a firm skin layer. Accordingly, the problem of
yellowing and organic gas due to the solvent remaining in the fiber cannot
be avoided as similar to the fiber formed by the dry spinning method. The
uponethod (f dis:for peoducing & perousumetastype atamig fiber heaihg ar the
density of 1.3 g/cm3 or less, but is an application technique of the dry
adspinmnganethbat and thasthasrthe sinilar problent ds i the @by spinmihggh
method having been described. In the method (g), it is important to use a
coRghiffee hictatype aramid’polymer sotdtionscontdining sdisstadtallying of
salt, and there is such a problem that for producing the salt-free polymer
Lheohitioh? Shch A $tap ig?géfﬂi?éa iPthat tfe polimiedisiisdiated f6-hfge form

and remove a salt, or a salt in the polymer solution is filtered with_a filter
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. _thus it is difficult that the temperatures of the filamen the amounts of
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tain a homogeneous meta-type aramid fiber. 1h {he me e

skﬂpfgygypﬂﬂgégyEQRfow@ﬁeproblemcﬂfyellowingandcmganic
gas due to the solvent remaining in the fiber cannot be avoided
as similar to the fiber formed by the dry spinning method.

The method (£) is for producing a porous meta~-type aramid
fiber having a density of 1.3 g/cm’ or less, but is an
application technique of the dry spinning method, and thus has
the similar problem as in the dry spinning method having been
described.

In the method (g), it is important to use a salt-free
meta-type aramid polymer sclution containing substantially no
salt, and there is such a problem that for producing the
salt-free polymer solution, such a step is required in that
the polymer is isclated to rinse and remove a salt, or a salt
in the polymer scluticon is filtered with a filter or the like.

In the method (h), the stretching is carried out in the
air, and thus it is difficult that the temperatures cf the
filament and the amounts of the solvent and the like remaining

each are identical between the cuter periphery and the core



is increased by stretching in the plastic stretching bath after coagulation,
but the orientation is liable to be relaxed in the water rinsing and/or warm
water rinsing step. Accordingly, it is necessary to increase the orientation
again in the heat treatment step for obtaining a fiber having high strength,
and on the other hand, rapid crystallization occurs in the heat treatment
step. Consequently, the resulting fiber has such a problem that it has a
pahighdieat tentfadtionerate at3G0C:or mare.l3P-A2006-30836% proposes a
a method for producing a dense metalamide fiber containing substantially
howg ahginergdsie 2iohicosubstante), if Wisich a polymer solution containing
no salt formed by dissolving a metalamide having m-phenylenediamine
isophiftalaATdeabad In the STHHAF THEMBEES H AIetRBLTB) d¥'al Lo
. major repeating unit, in an amide solvent, is ejected into a coagulation
15 ptfr CORETMAY ah-amide SbRert ARG Wate? hht é&ﬁ%ﬂ%&ﬂ@g&am& fter

lat fib terjal (filament) , which is sub tly .
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+1,amide solyent, follow % subj ecting to rinsing . with water and then heat
treatr%%nt. JP%A-%%)OalS fé)‘(fzg pl%ﬁp‘g%gése rarrﬁ"élt%:éa?ir?\gvﬁch ar}\p?o%ﬁg ingty,

; tfibroys. material thus goagulated 7,is sfretched undey @@é[&tﬁ%%@ %eat

state where the'pores contain the coagulation liquid or a plasticizing

tr l&%ﬁleﬁ'ﬁds hegted in astateryhere the pores containthe coagulation,, =ng
iquid,

on the other hand, rapid crystallization occurs in the heat

treatment step. Consequently, the resulting fiber has such

a problem that it has a high heat contraction rate at 300°C

or more.
JP-A~2000-303365 proposes amethod for producing a dense
metalamide fiber containing substantially no salt {inorganic
ionic substance), in which a polymer solution containing no
salt formed by dissolving a metalamide having
m-phenylenediamine lsophthalamide obtained in the similar
method as theznéthod (b} as amajor repsating unit, in an amide
sclvent, is ejected into a coagulationbath containing an amide
solvent and water and containing no salt, fto coagulate as a
porous fibrous material (filament), which is subsequently
stretched in a plastic stretching bath containing an agueocus
solution of an amide solvent, followed by subjecting to rinsing
withwater and then heat treatment. JP-A-2001-348726 proposes

a method, in which a porous fibrous materizl thus coagulated



followed by subjecting to heat treatment. In the methods, however, a
porous fibrous material having substantially no skin layer on the surface
can be obtained in the step where the metalamide solution is formed in to
the fibrous material by coagulation. However, upon removing sufficiently
the solvent remaining in the fiber in the state of the porous fibrous
material, it is significantly difficult to stretch thereafter, and thus it is
1s difficalt thheffecn Safficient orientatien aid drystallization. Aceoedingly, pthee s
fiber thus obtained by the methods has such a defect that it is inferior in
cofibér propertythad islinhémsnt ko @ hibtalarmidelfitser ] paricolarlihighd, and
temperature heat contraction stability. As having been described, it is the
heatkALCufent2 SifUshi6n thab SURRLEMERRyPe WhBIR Hrematia pafamidei i d,
fiber has not yet been known that is suppressed in yellowing and
Lo LERERLi oA or HHPIrgahitighs i d'Aigh terfeFatare processing step, and

is capable of providing a product having high performance, such as flame
retarg(gln@,ebrgg}ﬁggfré}ﬁog‘fﬁVaeﬁfd' dimétsichar diBbiFifainghat having

petature; sphere. .DISCLOSURE OF THE INVENTION 8 An .
Suoeéj%ct ?%Ltghe %\r%%ti%}rﬁ? '[(:)L %ygvﬁdgré%%\?eﬁrlﬁlé aqﬁ/%ec%vrhaﬁl g%(%rﬁé"t?ced e

enBolyagde fibec thal lesplves, e defedls of the copventianal produy, iy
capable of suppressing coloration or discoloration of a product even
£iMPEeEPrReessiNgG 1 by coagulation. However, upon removing
sufficiently the solvent remaining in the fiber in the state
of the porous fibrous material, it is significantly difficult
to stretch thereafter, and thus it is difficult to effect
sufficlent orientation and crystallization. Accordingly,
the fiber thus obtained by the methods has such a defect that
it is inferior in fiber property that is inherent to a
metalamide fiber, particularly high temperature heat
contraction stability.

As having bheen described, it 1s the actual current
gituation that such a meta-type wholly aromatic polyamide
fiber has not yet been known that is suppressed in yellowing
and ¢generation of an organic gas in a high temperature
processing step, and is capable of providing a product having

high performance, such as flame retardancy, breaking strength

and dimensional stability in a high temperature atmosphere.

DISCLOSURE OF THE INVENTION



and using conditions at a high temperature, and is capable of

suppressing generation of a harmful gas or an organic gas, in addition to

the natures that are inherent to a heat resistant and flame retardant

meta-type wholly aromatic polyamidefiber, and a method for producing

the same. The obj ect of the invention can be attained by a meta-type

wholly aromatic polyamide fiber excellent in high temperature

proceSBabilitg cchafaklegizéd RIthAPANLEMGURESIA §6ehP Yermainimyinyre

the fiber is 1.0% by weight or less, a dry heat contraction rate at 300C is
whadd oy ResMidnd & Breakittystierigth °6f tHeffber$s 307N/ diBR Fieret s of

and a method for producing a meta-type wholly aromatic polyamide fiber

ERBy wiet SBinhing 2 polyFier Sofatitn containifig Biheta-type whdfigT €55179

cofiomatic, polyamide contaiing,a - phenylenediarine isopnthalamide ;.
sSkeletonas a major component, and an amide solvent containi g a salt,

nhatzCieZEd Rt (1) e polymer solyion s, gleted o A coaguiaon, -

aining an amide solvent ‘and water and corftaining a saft 1o

Sugg@g}ggt%%s gparpys fibrous- material2) Which s SUBSsauenty. gas, in

etched in a'plastic stretching bath containing an agqueous solution of an

ad@mide, salvent, £3) isrinsed with wateg and-then-subjectedto-a-heat: &+ ant

treatment in saturated steam, and (4) is then subjected to a dry heat

an#eatment: brthegmethad of the hwention) the stepst(ld tod4yare de fiber,
sequentially carried out for producing a fiber from a meta-type
and a method for producing the same.

The obhject of the invention can be attained by aneta-type
wholly aromatic polyamide fiber excellent in high temperature
processability, characterized in that an amount of a solvent
remaining in the fiber is 1.0% by weight or less, a dry heat
contraction rate at 300°C is 3% or less, and a breaking strength
of the fiber is 3.0 cN/dtex or more, and a method for producing
a meta-type wholly aromatic polyamide fiber by wet spinning
a polymer solution containing a meta-type wholly aromatic
polyamide containing a m-phenylenediamine isophthalamide
skeleton as a major component, and an amide solvent containing
a salt, characterized in that {1) the polymer solution is
ejected inte a coagulation bath containing an amide solvent
and water and containing a salt to coagulate as a porous fibrous
material, (2) which is subsequently stretched in a plastic

stretching bath containing an aqueocus solution of an amide

solvent, (3) is rinsed with water and then subjected to a heat



wholly aromatic polyamide polymer solution, and it is preferred that in the
step (1), the coagulation bath has a composition in terms of weight ratio
of the amide solvent of from 40 to 60% by weight and a concentration of
the salt of from 0.3 to 10% by weight, and a temperature of the
coagulation bath is from 20 to 70C; in the step (2) , the plastic stretching
bath has a composition in terms of weight ratio of the amide solvent of

LI frphi20 fo 70% b Wweight! andahe fibrogs ffbtedal S 1stretthed et aerdtibe 2
of from 1.5 to 10 times in the plastic stretching bath at a temperature of

AT ¥ohf26 t& 76EFiHe: step (3), the fibrous material is subjected to the
heat treatment at a stretching ratio of from 0.7 to 5.0 times in saturated

steant Of oM 02 86 50 WP at ARETHr 18 step (@) b rous fhatériaf =

is suhjected to the dr C51eat treatment at a stretchin rati}g of from 0.7tqc4.
dTZt QUL d? er

Segtimes tnder a*ondition "of iomYBE 10 400E A the méthod Brthe~ -voe

whinve tlonrast e amldefolvent contained in the Bcilé{%nlecg solution, the

coagulafion bath and” the'| ngétclice stretc %egath? itis recorrlﬁme%%%d t%)tusel °

pr280l6 Solvani containing oge selected fromthe grou CONSISUAGOL 1as 4

N-methyl-2-pyrrolidone, dimethyacetamide and 10 dimethylformamide, or

coﬁ;!’ﬂiﬁ@ Solvent containingrtwe. ormore -selected from the gieupcThent or
kinds of the amide solvents used may be different from each other in

fx@ﬁe;?los'[@@, lBut:it sy preferied tausea solvertof the same-kindibraugheut
frsﬁFO?B to 10% by weight, and a temperatufe of the coagulation
bath is from 20 to 70°C; in the step (2), the plastic stretching
bath has a compesition in terms of weight ratio of the amide
solvent of from 20 to 70% by weight, and the fibrous material
is stretched at a ratio of from 1.5 to 10 times in the plastic
stretching bath at a temperature of from 20 to 70°C; in the
step (3), the fibrous material is subjected to the heat
treatment at a stretching ratic of from C.7 to 5.0 times in
saturated steam of from 0.02 to 0.50 MPa; and in the step (4),
the fibrous material is subjected to the dry heat treatment
a2t a stretching raticocf from 0.7 to 4.0 times under a condition
of from 250 to 400°C,

In the method cf the invention, as the amide solvent
contained in the polymer sclution, the coagulation bath and
the plastic stretching bath, 1t 1s recommended to use a scle

solvent containing one selected from the group consisting of

N-methyi-Z-pyrrolidone, dimethvacetamide and

10



steps from the standpoint of recovery of the solvent. BEST MODE FOR

CARRYING OUT THE INVENTION Embodiments of the invention will be

described in detail below. To the polymer constituting the meta-type

wholly aromatic polyamide fiber according to the invention, those

obtained through polycondensation of an aromatic dicarboxylic acid, an

aromatic diamine, an aromatic aminocarboxylic acid and the like in a ratio
diBrRIVIdIAG substantially equimblor samoontsofta eatboxyhgrotiptaisd @n more

amino group are applied, and specifically, a meta-type wholly aromatic
sehflya éf@@hf&hﬁn@rﬁppheﬁg% Eharhine iSophthaikdticerdketeien Bsed

a major component is mainly applied. In the fiber containing the o
M2 ¥ ety e VIRSIR arofati poffamidé i polyiin phRehyleA&sr, but it is

ispphthalamide fiber is particylarly preferred as the fiber applied to the
et o TGS a5 Hoht TRt fher A d Haree L. the

INVention since' it is dften UuSé
retardant fiber in a high .temperature atmosphere awing to the excellent
£ SR ArOANL fve 9 ;
=" Hechanical c%%résc{fensc%%%.l%%mg a—@%g Wh%ﬁ;‘% a?(())flr\;lg ic p%ﬁ/%‘?ﬁaz fiber
is generally 11 produced from a spinning solution formed by dissolving a
polymer in an amide solvent, and thus the solvent necessarily remains in

sede fkesHeweverikis negessarythat theymgta-hipe wholly aromatic
polyamide fiber of the invention has an amount of a solvent remaining in
the fiberds d:0%:byweighbe invention will be described in detail
below.

Te the pelymer constituting the meta-type wholly
aromatic polyamide fiber according to the invention, those
obtained through polycondensation of an aromatic dicarboxylic
acid, an aromatic diamine, an aromatic aminocarbexylic acid
and the like in a ratio providing substantially egquimelar
amounts of a carboxyl group and an amino group are applied,
and specifically, a meta-type wholly aromatic polyamide
containing & m—phenvlenediamine isophthalamide skeleton as a
major component is mainly applied. In the fiber containing
the meta-type wholly arcmatic polyamide, a poly-m-phenylene
isophthalamide fiber is particularly preferred as the fiber
applied to the invention since it is often used as a heat
resistant fiber and a flame retardant fiber in a high
temperature atmosphere owing to the excellent mechanical

characteristics.

Ameta-type wholly aromatic polyamide fiber is generally

11



or less based on the weight of the fiber, and preferably from 0.01 to 0.8%
by weight. In the case where the solvent remains in the fiber in an amount
exceeding 1.0% by weight based on the weight of the fiber, it is not
preferred since the fiber suffers considerable yellowing or considerable
deterioration in quality upon processing or using in a high temperature
atmosphere. Furthermore, it is not preferred since an organic gas is liable
PresiBegenérztEd dporproeéssing or- usihgtin & higle teriperatirsclving a
atmosphere or upon incineration to increase environmental load. The
PO HBBE6f the MyventibAchece'ssatily ha a drthedthSofftadtioH raR FFo%n: 1 ¥

or less at a Zit?ah temperature of 300C, and preferably from 0.1 to 2.0%. In
reid BEseWheraGhe dRF heat EGHIFAETON rdte excecd8 65 ftls hBET the

referred since .a product suffers.change in dimensign upon using in a
e b {EmPeratite At ERphbreteXCaling 300C Aatich Bings ABbur SHch™

ax ARIRIM at theyproguctis proken, n fhe invention, the foer necessarly,.

has a breaking streng X or more. In the case w

or breaking, strangth is,Jess thaj, 3.0 eN/diex. itis not prefeyred sincg, 12 the,

resulting product is low in strength to fail to withstand use for the purpose

0. 0f the product T he breaking strength of Jfbe fiker is preferablyfrom3.2-40rn 5

7.0 cN/dtex. The amount of a solvent remaining in the fiber, the dry heat
in CERactiokrate:of the fikenat-3QQCand the breakingy weight based on
the weight of the fiber, it is not preferred since the fiber
suffers considerable yellowing or considerable detericration
in quality upon processing or using in a high temperature
atmesphere. Furthermore, it is not preferred since an crganic
gas 1s liable to be generated upon processing or using in a
high temperature atmosphere or upon incineration to increase
environmental load.

The fiber of the invention necessarily has a dry heat
contraction rate of 3.0% or less at a high temperature of 300°C,
and preferably from 0.1 to 2.0%. In the cass where the dry
heat contraction rate exceeds 3.0%, it is not preferred since
a product suffers change in dimensiocn upon using in a high
temperature atmosphere exceeding 300°C, which brings about
such a prcbklem that the product is broken,

In the invention, the fiber necessarily has a breaking

strengthof 3.0 cN/dtex ormore. In the case where the breaking

strength 1s less than 3.0 cN/dtex, it ig not preferred since

12



strength of the fiber are values that are measured in the following

manners. (A) Amount of Solvent remaining in Fiber (Weight of Amide

Compound Solvent) N (%) About 8.0 g of the fiber collected is dried at

105C for 120 minutes and then allowed to cool in a desiccator, and the

weight of the fiber (M) is weighed. The fiber is subjected to reflux

extraction in methanol for 1.5 hours with a Soxhlet extractor to extract the
Chaniigewbiipolinit selvert éontaimed h sthegibek ane the fiber hawingisdemd

extracted and taken out is dried at 150C for 60 minutes under vacuum
USBntther QIGWEP 26 Toof i AdEGeEtsT: folloWEd byAREighig theaweight O ©

of the fiber (M2) . The amount of the solvent remaining in the fiber

CRendighEof the AmRIESoodurd 88ivénty N-@e)'is tafdliiste8*from MI and
M2 according to the following expression..N (%) = (M| - M2)/IM1 x 100 (B
Dry St ORI RAIE S SOBE KA Of 1o 4 1e Tnged'5h & bF o=
3,300 dtex, and 13 marks are put at positions rt from each other by 30

he i Rt RHOTHGRG Tod, HEton Kepiabet 1 Ark 4Gl ALsoa R

sfor A minies, and the distance L (Gmbbetpeen the magks.is, measyfed: o
The dry heat contraction rate at 300C is calculated from the value L

foaceQrding te-the following expression. Dry heat contraction rate at 300C =
(30 - L)/30 x 100 (C) Breaking Strength of Fiber

(A) Amount <f Seolvent remaining in Fiber {(Weight of Amide
Compound Solvent) N (%)

About 8.0 g of the fiber collected is dried at 105°C for
120 minutes and then allowed to cool in a desiccator, and the
welght of the fiber (Ml) is weighed. The fiber is subjected
to reflux extraction in methancol for 1.5 hours with a Soxhlet
extractor to extract the amide compound solvent contained in
the fiber, and the fiber having been extracted and taken out
is dried at 150°C for 60 minutes under vacuum and then allowed
te cool in a desiccator, followed by weighing the weight of
the fiber (MZ]). The amount of the solvent remaining in the
fiber (weight of the amide compound solvent) N (%) is calculated

from M1 and M2 according to the following expression.
N {%} = (ML - M2)/ML x 100

(B) Dry Heat Contraction Rate at 300°C

A load of 100 g is hanged on a ftow of 3,300 dtex, and

13



It is measured according to the method disclosed in JIS L1015. As having
been described, the meta-type wholly aromatic polyamide fiber of the
invention has an amount of a solvent remaining in the fiber of 1. 0% by
weight or less, and preferably in a range of from 0.01 to 0.8% by weight.
The dry heat contraction rate at 300C of the fiber is 3.0% or less, and
preferably from 0.1 to 2.0%. The breaking strength of the fiber is 3.0
maehidtex munore Oiheldross segtivnalShape of:-the fiber rhayXecarcircilater
shape, an elliptical shape or other arbitrary shapes, and in general, the
rerfipehess diehémonofilamentis prefdrabldfraom @5a0M0dtexe At 300°C
meta-type wholly aromatic polyamide fiber that has these characteristics
LomasnBthediPRnowR BUE kanbeshrotRel byBevRHg R prodEicisR s 1s
method and the conditions. 14 A solution of the meta-type wholly aromatic
meaHiiinide gensraly tontairfsiydiegen Hidrde it 2 Righ-cbhcentrationt ed

and.thus it is neutralized with an alkali,_.suc calcium hydroxide,
e G o pRERCTRGT R Lo

sodium h‘{/%réixeide, sodium carbonate
whereby a polymer solution having been completed in reaction and
having a favorable polymerization degree and high chemical stability can

be OB{»?J”S%? 3 3plption.of the meta-type whglly aromatic_polyamide -
polymer.

(C) Breaking Strength of Fiber

It is measured according to the method disclosed in JIS
L10LE.

As having been described, the meta-type wholly aromatic
polyamide fiber of the invention has an amcount of a solvent
remaining in the fibercﬂfl.o%kn{weightcn?less, and preferably
in a range of from 0.01 to 0.8% by weight. The dry heat
contraction rate at 300°C of the fiber.is 3.0% or less, and
preferably from 0.1 to 2.0%. The breaking strength of the
fiber is 3.0 éN/dtex Or more.

The cross sectional shape of the fiber may be a circular
shape, an elliptical shape or other arbitrary shapes, and in
general, the fineness of the monofilament is preferably from
0.5 to 10.C dtex,

A meta-type wholly arcomatic polvyamide fiber that has
these characteristics has not been known but can be produced

by devising the production method and the conditions.



For producing a heat resistant fiber having favorable mechanical
characteristics from the meta-type wholly aromatic polyamide solution in
the invention, it is important to control the polymerization degree. In
particular, for obtaining a fiber having good performance from a
poly-m-phenylene isophthalamide polymer, a polymer having an intrinsic
viscosity (I.V.) obtained from a value measured at a polymer
conc@ntPetior- 605/ 100 ené-eoricadtr atddb sulfuricratid Tac300 bY frohve
0.8 to 4.0, particularly from 1.0 to 3.0, and still particularly from 1.3 to 2.4,
JeTEhretedOThE HemAnded hR| OF g pe§nidrization degies erthea t ion,
polymer is set depending on the purpase for use of the polymer or a

=0, tigR théreof an@ tHe e BRthE fider 2andithté the polhefFaticht c+um
e i trolled by a k method in the paqlymerization ste
2 GEREAARG on rdcesall, A¢ & Mk tidlingthe pormizion

r 1 e Li I
epending on necessity. As'dmeansfor con

egree, for example, the 15 polymerization degree can be controlled by .
s R (G A Toe i S, SUo 2o

na{allidingand tBSrﬁbﬁeh&%@O%Ch%%ﬂ%%th%Hlﬁ;e)hl@%&”%e”%@%%é:ae

the polymer in the polymer solution in the invention is from 10 to 30, an

po Preferably fropy, 1540, 20einderms of part by-weight per100parts by- .1 pe

weight in total of the polymer and the amide solvent. (The concentration
obis retefred 0 as"RN vencentration"tindhedavention.d hepart: by weighk t i ¢

as the unit for the PN concentration is omitted.)
polvamide polvmer.

For producing a heat resistant fiber having favorable
mechanical characteristics from the meta-type wholly aromatic
polyamide solution in the invention, it is important to control
the polymerization degree. In particular, for obtaining a
fiber having good performance from a poly-m-phenylene
isophthalamide polymer, a polymer having an intrinsic
viscosity (I.V.} cobtained from a value measured at a polymer
concentration of 0.5 ¢g/100 mL in concentrated sulfuric acid
at 30°C of from 0.8 to 4.0, particularly from 1.0 to 3.0, and
still particularly from 1.3 to 2.4, is preferred.

The demanded level of the polymerization degree of the
polymer is set depending on the purpose for use of the polymer
or a solution therecf and the uses of the fiber, and thus the
polymerization degree is controlled by a known methed in the

polymerization step depending on necessity. As a means for

controlliing the polymerization degree, for example, the

15



In the case where the PN concentration is less than 10, the polymer
solution is poor in spinnability due to a too small concentration, and
associated thereto, not only the performance of the fiber is deteriorated,
but also it is economically unfavorable since the recycle ratio of the amide
solvent is increased due to the low concentration. There is such a
tendency that the transparency of the molded article (fiber) is improved

PO Withed higher PN corcentation:bliten theh Easelwhéreltie PRing an end
concentration exceeds 30, it is not suitable since such a problem occurs

CeILtitRE O meRzdtioPEdetdR and tHE feutralization reatliéR eanfisEhbeas
carried out steadily since the polymer solution has a too high viscosity.
EO HBWEVET, iffthe daBe White the PofherZation tsctiohCisEtried btit at a

high tration (f PN trati f 30 ) .
caICU B0 R TKe: 52 FGUTIATG Agent R ARG At

in r%%%“%r}l%t&}?td{lgﬂs 9£Sp€£%%lei’ba€6‘it§B'e am UQ}:Q%%G%%%?& 15 to

amount providing finally a concentration of 18ss than f

2.0 N-methyl-2:py '99@%9*1949@1{%85%@91%'&@5%@9@,wybsﬁeé%h@ tal

concentration of the polymer (PN concentration) can be controlled, an

of SiRUItaneously- the neptralization. reactian,¢an befacilitated. the-polymer; -

solution used as a spinning solution in the invention contains the
re fRetadypewhelly aromatic potyanideand anawide selyentand alse part

contains a salt, and the solution
by weight as the unit for the PN concentration is omitted.)
In the case where the PN concentration is less than 10, the
pclymer solution is poor in spinnability due te a tooc small
concentration, and associated thereto, not only the
performance of the fiber i1s detericrated, but also it is
economically unfavorable since the recycle ratic of the amide
solvent is increased due to the low concentration. There is
such a tendency that the transparency of the molded article
(fiber) is improved with a higher PN concentration, but in the
cage where the PN concentration exceeds 30, it is not suitable
since such a problem cccurs that the polymerization reaction
and the neutralization reaction cannot be carried out steadily
since the peclymer solution has a too high viscosity.
However, in the case where the polymerization reaction
is carried out at a high concentration (for example, a PN

concentration of 30 or more), calcium hydroxide or the like

as a neutralizing agent in the neutralization reaction step

16



may further contain water. The water and salt are necessarily formed in
the solution polymerization, and they may be further added depending on
necessity. In the case where the polymer solution is produced by a
separate solution preparing process, a salt and water may be externally
added. The salt is not limited, and examples thereof include an inorganic
. salt, for example, a halogenide of an alkali metal, such as sodium
13 cRibABE FSStiumTodide HrtiiBn-énI SRR ahd thetikeSE2ARIGEenids, gmount
carbonate, a hydroxide and the like of an alkaline earth metal, such as
Pregic %hlgﬁaé,i&a}fci&m%%rb%?ﬁfe?nééiéi%?ﬂyo%xi&éﬁﬁad}%ﬁhn?0) of
. chlarid d the like, and the like. While the cqncentration thereof may be
N R ACOH T St TrigiFin RS the 0hy o Mt ca B

wh&ee%%?t éﬁaeb'%’&}l'cf]&eéﬂ%'lyogo%iﬁ@%&%gﬁﬁ&oﬁE Qéﬁ’ﬁgn‘i@%{? on)

weight based on the weight of the p particu

cagOngENtRioN ofithe salt is preferaply 17,11 msg'i ;%:gg%lpgu\’@jg E‘Ec é%hyl%n

case where the concentration of the salt is less 2.5% by weight, the

re Stabilty, of-the pelymerisolution.is lowered upon storing at a low
temperature around room temperature to bring about tendency of

gelatione dhercaseswhereithe eonceniationef theisalt exaeedsH50%, byh e

weight, it is not preferred since the stability of the polymer solution is
inirapaitech duetosthe salh deposited ypthehsolution r The contenticfwatesiand

the polymer solution is suitably
an amide sclivent and also contains a salt, and the solution
may further contain water. The water and salt are necessarily
formed in the solution polymerization, and they may be further
added depending on necessity. In the case where the polymer
solution is preduced by a separate solution preparing process,
a salt and water may be externally added. The salt is not
limited, and examples thereof include an inorganic salt, for
example, a halogenide of an alkali metal, such as sodium
chloride, sodium iodide, lithium chloride and the like, a
halogenide, a carbonate, a hydroxide and the like of analkaline
earth metal, such as calcium chloride, calcium carbonate,
calcium hydroxide, magnesium chloride and the like, and the
like. While the concentration thereof may be any
concentration within such a range in that the polymer solution
can be present stably, 1t i1s generally contained in a range

of from 2.5 to 60% by weight based on the weight of the polymer,

and particularly, the concentration of the salt is preferably

17



from 0 to 20% by weight, and more preferably from 0 to 16% by weight,
based on the total weight of the solution. In the case where the content of
water is too large, there are some cases where the stability of the
polymer solution is deteriorated, and the spinnability is considerably
deteriorated due to deposition and gelation of the polymer. In the solution
polymerization, after completing the g%)lymerization reaction, a

£ Rdutraliziry agent s 4id@ito thelreSatrgHolfhierzation SomE6R fer & Lon

neutralization. As the neutralizing agent, at least one of calcium.oxide,
O ST Ry drKidE AR CArOPAIE (Rt ogBhEaiboTtey 8 Y OF the

ﬁuitabrly used, HC1h: -pioduceddn therE)oI merization reaction. is
@] gme .SOd?lh’ClODh 3 OW?KF Ug’O S orlngf at a QW Tepperature
neutralized through the neutralization reactiontoform calcium chforide

ar&%@%l@&&ﬁe"é%ﬁ@gry%% Pén%tbq_fﬁ%la%@{o%%%eﬁgeiﬂépeo £ gelation.

polymerization reaction varies depending on the chemical structure of the

rnPelymerand theaverage 18 molegularweight.ef the.minimumoupit .55 602

thereof, and in the case where HCI by-produced in the polymerization

pyreactign,for example, of pply-=mephenylensisephthalamidg isinaujralized e
to 100% with the aforementioned compound, 46.64 parts by weight of

poCacd? isdormed per 400paris by weight of the:pelymeri&aGlid dhusn the

formed through the neutralization reaction remains in the polymer solution
soand exerts function of improving the stability of the polymer solution (see

JP-B-35-16027), but contrary, it has been difficult to carry out wet

spinnifigefreantent of water in the polymer solution is suitably
from C to 20% by weight, and more preferably from 0 to 16% by
welght, based on the total weight of the solution. In the case
where the content of water is too large, there are some cases
where the stability of fhe polymer solution is deteriorated,
and the spinnability is considerably deteriorated due to
deposition and gelation of the polymer.

In the sclution polymerization, after completing the
polymerization reaction, a neutralizing agent is added to the
resulting polymerization solution for neutralization. As the
neutralizing agent, a2t least one of calcium oxide, calcium
hydroxide and calcium carbonate (hydrogencarbonate) is
suitably used. HClby-produced inthepolymerization reaction
is neutralized through the neutralization reaction to form
calcium chloride (CaCl;) necessarily. The amount of HCI

by-produced in the polymerization reaction varies depending

on the chemical structure of the polymer and the average

18



the polymer solution due to a large amount of CaC12 dissolved therein.

The amount of water that is formed through the neutralization reaction

and is present dissolved in the solution varies depending on the kind of

the neutralizing agent, and 15.13 parts by weight of water is formed per

100 parts by weight of the polymer upon neutralizing with calcium

hydroxide. On the other hand, 7.56 parts by weight of water is formed per
MO AP pats W weightdt thespalymier ip o ridutFaiRiRPwithe dickimtdadease

or calcium carbonate. The neutralizing agent is added in the form of an
"hettieds solio 6 SRy coftairiiy MRt &id A% ohnt, ZifFNARE thisr

fornled and added is al ﬁsent dissolved in the polymer solution, but

ex B LEnit 27 16 SoRNGR Ana e AT R A ALaS e CORPOERIOh o4 £©
1 tralizat tantiall Li ired wit f ti
1 o fter nedtraliza o, ¢ Substantial yoLIpRLeds '%wegggrgsergegs%%qe%t

amount thereof ere are casesw avorable characterist u

of @S decrease jn viscosity and 5&%#5%%@4{%&@@0%%&'@ water  cac1,

contained. However, a too large amount of water Is not preferred since

thitRestability of the,selution is.censiderably;lgwered (gellgd). ACCORAINgY i1,

the suitable amount of water added in the neutralization reaction varies

oo Depending-onthesepncairationefthe palymmen.ofhestabilifpregiomef the,e
solution is from 0 to 60.0 parts by weight of water per 100 parts by weight
stabiie pelymer.diar example; the case wheresBN coneentratiae 5220 is but

substantially
contrary, it has been difficult to carry out wet spinning from
the polymer sclution due to a large amcunt of CaCl. dissolved
Cherein.

The amount of water that 1s formed through the
neutralization reaction and 1is present dissolved in the
solution varies depending on the kind of the neutralizing agent,
and 15.13 parts by weight of water is formed per 100 parts by
weight of the polymer upon neutralizing with calceium hydroxide.
On the other hand, 7.56 parts by weight of water is formed per
100 parts by welght of the polymer upon neutralizing with
calcium oxide or calcium carbonate. The neutralizing agent
is added in the form of an agueous solution or slurry containing
water and a solvent, and water thus formed and added is also
present dissolved in the polymer sclution, but the stability
of the sclution and the characteristics of the composition

after neutralization are substantially not impaired with the

aforementioned amount thereof. There are cases where
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the same as the case where PN concentration = 16, and thus the stability

region is about from 15 to 60 parts by weight per 100 parts by weight of

the polymer. The stability region is from 15 to 45 parts by weight of water

per 100 parts by weight of the polymer for PN concentration = 25, and is

from 15 to 30 parts by weight of water per 100 parts by weight of the

polymer for PN concentration = 30. The ranges exemplified above are
FaAppriximiate ddI0ES tipbA alfciwing thE Foty AT SBRiEBND Stafd 2 Hrovh and

60.to.70C, and the stability region somewhat varies depending on
th%o%éi}ﬁ%hsmiﬁgluﬁg&% Sgﬁ/ﬂ%er%ﬁ n"dedrée of té pofyther, Hra'ever, a

temperature for storing by allowing to stand. In any case, the allo le .
o B S i R 2 B R e

of i%klxi@ g%q %%%alt%dc\gﬁgi%é%%%el wl%%grpg &Cfr)#é] % nge%t)io'n ' %%%?epgningl Vs

practicing the invention, It Is pre erred for preve ation o

tnéolytign that L20-the, syitable amount is determined i advance by 1 5 - 45 on

experiments or the like with a concentration of water of 8% by weight or

relossinihedetad polwpen solufongiven asastandard: AcCordingte themer

invention, in wet spinning, a meta-type aramid fiber that is excellent in
Thanechanical characieristicsr anddeat resistance canrbe efficiently; . o parts
produced with good productivity by a novel spinning process and a

by subsequent yarnemaking pracess inclogingeperotusccoagulationaner . For
post-densification, which have been considered as being

example, the case where PN concentration = 20 is substantially
the same as the case where PN concentration = 16, and thus the
stability region is about from 15 to 60 parts by weight per
100 parts by weight ¢f the polymer. The stability region is
from 15 to 45 parts by welght of water per 100 parts by weight
of the polymer for PN concentration = 25, and is from 15 to
30 parts by weight of water per 100 parts by weight of the
polymer for PN concentraticn = 30,

The ranges exemplified above are approximate values upon
allowing the polymer solution to stand at from 60 to 70°C, and
the stability regilon somewhat varies depending on conditions
including the polymerization degree of the polymer, the
temperature for storing by allowing to stand. In any case,
the allowable concentration range of water remaining dissolved
in the polymer sclution is limited associated with increase

in polymer concentration, and upon practicing the invention,

it is preferred for preventing gelation of the sclution that
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impossible in meta-type aramid. In the conventional technique, as having
been described, since it is difficult to form a fiber by wet spinning from a
meta-type aramid polymer solution containing calcium chloride formed in
an equimolar amount as the amide residual group upon synthesizing by
solution polymerization, dry spinning and semi-dry and semi-wet spinning
have been employed as .a method for spinning the solution. For

EDSvettspiming tHE SBfttion Sit WA b8 Recedsary Tt §if any Giseegiiments
splution. polymerization or interface polymerization, a ¢hloride (such as
R N A A0 T e e i T e HEE: ©
1 -produced is decreased by any means to 70% by weight or._less, and
T 300 by et Ao o Lratte 4t oA aA e e

solution. Howeyery the means foriremoval,of a chloride often involves ..

industrial difficulties. For example, in the case whére a polymer Is

ar SYResized-byjinferface. 21 polymerization, sepasats recavering devices ¢
are necessarily provided for recovering a polymerization solvent and a

an@piaing selvent-whieh are diftesentfrom eash pthes-aneh exen WA te good
case where a polymer synthesized by solution polymerization is spun with

prdhe satei solveny as thecpelymep isolution, there ase naeessarilyudifficutt e -

process steps, for example, an inorganic chloride by-produced through
varedtalization i remeved by prelssutenfiltration:-(the operationiefrwhich and

involves considerable industrial
post-densification, which have been considered as being
impossible in meta-type aramid.

In the conventional technigue, as having been described,

since it is difficult to form a fiber by wet spinning from a
meta-type aramid polymer solution containing calcium chloride
formed in an equimolar amount as the amide residual group upon
synthesizing by sclution polymerization, dry spinning and
semi-dry and semi-wet spinning have been employed as a method
for spinning the solution. For wet~sapinning the solution, it
has been necessary that in any case of solution polymerization
or interface polymerization, a chloride (such as CaCl,, NaCl,
NH,Cl and the like) formed through neutralization of HCL
by-produced 1s decreased by any means to 70% by weight or less,
and preferably 20% by welght or less, to prepare a reduced-salt
pelymer solution. However, the means for removal of a chloride

often involves industrial difficulties. For example, in the

case where a polymer is synthesized by interface

21



difficulties due to high viscosity), the inorganic chloride is removed by
rinsing with water by adding water to the polymer solution, followed by
drying and re-dissolution of the polymer, and the like. Accordingly, the
methods are not preferred since they involve difficulties in operation,
energy cost and environmental pollution. In the method of the invention,
however, even by usin% an equimolar CaCl2-containing golymer solution,

PO & hiEtatyps M Aramid Fitser ekEefattay GlossIntechahical Bhardetstiiar +1Y

heat resistance and the like can be produced b¥ atwet s.pinn'in\ge method
prov1ﬁe€ GF ¥ecov8xlq 3 gm r1izatlon ﬁo nt and
in which the solufion is diréc R/ spuntthrough a ‘spinning die into a

sp%g%Q%atigglﬁﬁp?WBq 8}99@“&%& %’me%qéi%%%éﬁlj’??%ﬁgé%%g9?%'1‘%%5"@(7em

I
no salt, which has been considere eing Ing to the

ininv@ﬁgonc@s\%et %@i@@@g as thﬁo%!?&e(ﬂ')’ %%@HA@H% Qatfb?/f a_%olution

agueous solution of an amide 22 solvent having a significantly simple

po ComPesHion isysed, apd:a pelymersolutionds soagulated By psing,Hieyme r
same as a homogeneous porous fibrous material (filament) . More

sospecitically: ke pohraer slutien isi cantrollediteave-a Jeaperatps, for

corresponding to the temperature of the coagulation bath, preferably
exwithinea range of fiaom 204070C, anddheniejected through @spinningrdiegh

into the coagulation bath having the composition and temperature
nedéseribetblatemto fosm a gorousibrovs matedal(fitamént) t Thejporoud the
operation of which involves considerable industrial .
difficulties due to high viscosity), the inorganic chloride
is remcved by rinsing with water by adding water to the polymer
solution, followed by drying and re-dissolution of the polymer,
and the like. Accordingly, themethods are not preferred since
they involve difficulties in operaticon, energy cost and
environmental pollution,

In the method ¢f the invention, however, even by using
an equimolar CaCl;-containing polymer solution, a meta-type
aramid fiber excellent in gloss, mechanical characteristics,
heat resistance and the like can be produced by a wet spinning
method, in which the solution is directly spun through a
spinning die intc a ccagulaticn bath having a particular
compositicon containing substantially no salt, which has been
considered as being difficult.

According tc the invention, in wet spinning as the step

{1}, a coagulation bath of an aqueous sclution of an amide
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fibrous material is then taken out from the coagulation bath, and in the
step (2), the porous fibrous material is subjected to plastic stretching at a
stretching ratio of preferably from 2 to 10 times in an aqueous solution of
an amide solvent. The porous fibrous material is then further rinsed with
water and/or warm water and is once subjected to a heat treatment in a
saturated steam atmosphere in the step éﬁ% and then it  is subjected to a

50 4RFReat tréattfehtat H tefmpethturd in'd 8ec%fﬁ?r%ﬁ11§%8%*4°08é@lﬁth%m

step (4) to pro |d ameta type ara |(1f| er.as a final ct. The ste R
“ a?g(%e@) Will be’ descrlgeg] in 8téta|}fjgelow '8 %%3 Wet™® “

hox?é”nn'n in theplnﬁﬁtéon jg&)@t&{nmgvh S|f|§gﬁon %%QLL% Rtrﬁjrowdlr}%re

rex |b|t|ng sufficient properties in the' subsequent step, Sitis

sp@@ﬁ!@i‘@ﬂ’l‘%‘po{@@t%ﬁ mizge, gsmuch ag Possiblethesiruclureofe o

the porous fibrous material 23 formed in the coagulation step of the wet

teRBWRNGRIOCESS, r Thersds &:6lese relationship bebygen-the PAIOUS £ the
structure and the conditions of the coagulation bath, and the selection of

cothaicempesition-andlhe terpperaurg eondition-atthe coagulation bathy oo,
are significantly important. The coagulation bath used in the invention is

andonatituted daytan agueous solutionifarnmed sdbstantially dfidéwoocagulation
components, i.e., an amide solvent and water. In the composition of the

batbagulation batl, arvamide $clventthdt dissplves aumetaiyperibed later

to form & porous fibrous material (filament). The porous
fibrous material is then taken out from the ccagulation bath,
and in the step (2), the porous fibrous material is subjected
to plastic stretching at a stretching ratio of preferably from
2 to 10 times in an aqueocus solubtion of an amide solvent. The
porous fibrous material is then further rinsed with water
and/or warm water and is once subjected to a heat treatment
in a saturated steam atmosphere in the step (3), and then it
is subjected to a dry heat treatment at a temperature in a range
of from 250 to 400°C in the step (4) to provide a meta-type
aramid fiber as a final product. The steps (1), (2), (3) and
{4) will be described in detail beslow.
Step (1): Wet Spinning

In the invention, for atftaining densification capable
of providing a fiber exhibiting sufficient properties in the
subseguent step, 1t is particularly important to uniformize

as much as possible the structure of the porous fibrousmaterial
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wholly aromatic polyamide and is well miscible with water, and in

particular, N-methyl-2-pyrrolidone, dimethylacetamide,

dimethylformamide, dimethyimidazolidinone and the like are preferably

used. The optimum mixing ratio of the amide solvent and water

somewhat varies depending on the conditions of the polymer solution,

and in general, the ratio of the amide solvent is preferably from 40 to 60%
fosmém. Ehtier B EdRAItIGN bEIoW the rdrige, WhsitietaBIy 1a genrsias s -

en B el 0 51 Gt fher i e lable o cquse read

reakage In t%eesubsequlen

ondition .exceeding the range, coagulation is difficult.to proceed, which _
th%.coﬁgéfio S'O%Q¥Eﬁ%fﬁé§ gﬁﬁg noba g ?ﬁ%ge Sﬁf%ctégﬁ]oz

%O 2.
rings about fusion o e tempera ure of the Ccoagulation

+10as £lass tefationship fo,the composition of the coagulation solution,-and,

in general, a high temperature is preferred since voids 24 in the form of

co8QaIsE bubbles, which-aresreferted to.as fingers,, are figrd to form in the

fiber produced. However, in the case where the concentration of the

coagulatiopcsalutionisc reladively: larae; fusion of the fibers vigerodsly: tuted
occurs at a too high temperature, and thus the temperature range of the

bycoagulation:kaiy is:preferatly from 2016 706 sadimare prefershlydremt s,

25 to 60C. The coagulation solution is preferably constituted substantially
1. enly lyranmamidesolvent ananwates,Haut sindey the composition of the
coagulation bath, an amide scolvent that dissolves a meta-type
wholly aromatic polyamide and is well miscible with water, and
in particular, N-methyl-2~pyrrolidone, dimethylacetamide,
dimethylformamide, dimethyimidazolidinone and the like are
preferably used.

The optimum mixing ratio of the amide solvent and water
somewhat varies depending on the conditions of the polymer
solution, and in general, the rario of the amide solvent is
preferably from 40 to 60% by welght. Under the condition below
the range, considerably large voids are tend to form in the
coagulated fiber, which are liable to cause thread breakage
in the subsequent step, and on the contrary, under the condition
exceeding the range, coagulation is difficult to proceed,
which brings about fusion of the fibers.

The temperature of the coagulation bath has close

relationship tc the composition of the coagulation solution,

and in general, a high temperature is preferred since vecids

24



an inorganic salt, such as calcium chloride, calcium hydroxide and the
like, is extracted from the polymer solution, the salt may be actually
contained in the coagulation solution. The preferred concentration of the
inorganic salt in industrial practice is in a range of from 0.3 to 10% by
weight based on the coagulation solution. For making the concentration
of the inorganic salt to less than 0. 3% by weight, the recovering cost for

A0 ety iy he cositation SBlticR in'the TBCoTENNG  frocess BetomeE e s

- Mapprapriately increased.Inthe case where. the concentration ofthe ..
morganic salt exceeds 10% by weight, “on the éther hand, 1t‘is not
Whg%eeferr@g sin%(g fusion of {ibe{qs iglgweg}?tely after eiec;éion from t

e, . .
spinning die e?o?gngggorﬁi%g porous is Tiable fo’ 6ceur due tdsﬁwgul%%von S

r < $939uaton yrale, and:the coagyiation.equipment gecessarily, becames ¢

large du€ to the prolonged coagulation time. The immersion time of the

a tibrous materaldilament 23 inithe,ceagulationhath is-preferably from +ne
1.5 to 30 seconds. In the case where the immersion time is less than 1.5

co88eands; Jhe fibrous matgral e inguificiently formed o, cause: thread nore

breakage. In the case where the immersion time exceeds 30 seconds, it
prismotypefermeesinee the;proghuctivity is poor. The porous fibrous material

thus obtained preferably has a density as high as possible to smoothly

carry Dut subsequént: densification i the densityrgfem3pinthisstage isuted

preferably 0. 3 or more, and more preferably 0. 5 or more. In the case
suighepeitially only by an amide solvent and water, but since
an inorganic salt, such ag calciunm chloride, calcium hydroxide
and the like, is extracted from the polymer solution, the salt
may be actually contained in the coagulation solution. The
preferred concentration of the inorganic salt in industrial
practice 1s in a range of from 0.3 to 10% by weight based on
the coagulation scluftion. Formaking the concentration of the
inorganic salt to less than 0.3% by weight, the recovering cost
for purifyving the coagulation sclution in the recovering
process becomes inappropriately increased. In the case where
the concentration of the incrganic salt exceeds 10% by weight,
on the other hand, it is not preferred since fusion of fibers
immediately after ejection from the spinning die before
becoming porous is liable to occur dué to the low coagulation
rate, and the coagulation equipment necessarily becomes large

due to the prolonged ccagulation time.

The immersion time of the fibrous materizl (filament)
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the density is less than 0.3, it is difficult to densify the fibrous material in
the subsequent stretching and heat treatment step due to the high

. porosity. The fiber density can be calculated from the thickness and the
fineness of the thread measured according to ASTM D2130. The porous
structure of the fibrous material thus coagulated is characterized by
having considerably homogeneous fine pores formed therein. The pore

1D gt HereE st & SubfidrohtoRie? bE ABGUtHrdmF2ko™ b 3¢ seconds.

measured with a scanning microscope,.and there is basically ng pore
oy G A S BF bavars] MEGERis BAh K rerdiad sBas o doRParRas:

th‘é!”%%;%"M'”%Ogt%%icofsi%‘?ﬁ%bs%9%91%%%R‘%l%o’PSQ%QSOES‘ NSl ROIOYS - g
structure, thread breakage Is prevented from occurring upon stretching,

bf%aﬁigggﬁficﬂortf@dc@%bm oL fiber properties are e@%ﬁ'eede%gcg@eféﬁa' 30

eat Setting. It is known that the homogeneous and fine porous

sestueiyre isformed through spinodal decompesition assoeiated with, oo r

coagulation. Upon ejecting the polymer solution into the coagulation bath,

a multitholecspinning giednayhe used. The numbenot beles 8ray-be 50,ha s
000 or less, and preferably from 300 to 30, 000. The porous fibrous

a dratetialejectad jtomaspiming die bayingo ahoyt 300 1§ 30,000 holesient
and coagulated in the coagulation bath is generally bundled into one fiber
debandlggtonw)orwhichhis deers setvtd theosdbsenuent stepsge is preferably
0.3 ormore, and more preferably 0.5 ormore. 1In the case where
the density is less than 0.3, it is difficult to densify the
fibrous material in the subsequent stretching and heat
treatment step due to the high porosity. The fiber density
can be calculated from the thickness and the fineness of the

thread measured according to ASTM D2130.

The porocus structure of the fibrous material thus
coagulated is characterized by having considerably
homogeneous fine pores formed therein. The pore size thereof
is in a submicron order of about from 0.2 to 1 um as measured
with a scanning microscope, and there is basically no pore
having a size of several micrometers, which is referred to as
a vold or a finger. Owing to the considerably dense and
hemogenecus finely porous structure, thread breakage 1is
prevented from coccurring upon stretching, and densification

and exhibition of fiber properties are enabled upon final heat

setting. It is known that the homogenecus and fine porous



Step (2): Plastic Stretching The fiber bundle containing the porous fibrous
material (filament) obtained through coagulation is introduced into a
plastic stretching bath containing an aqueous solution of an amide
solvent, and stretched in the bath. The plastic stretching bath in the
invention contains an aqueous solution of an amide solvent and contains
substantially no salt. As_the amide solvent, one capable of swelling a

Sty e ani GAd BEiNG WP RiStRsIe Witk SRteIccan be prafsrabiia ted

wiﬁﬁed' Prtlaéffrred examples of the amide solvent include

-m%?l%ﬁ- S)Frjf(())l%bne, dimethylacetamide, dimethylformamide,

dimethyimidazolidinone _and the like. A_solvent of the same kind as used,
B e oo iy Ut Lon

baﬁ@?%diMt@@hmd%ﬁ%{ﬁ@%ﬂ%ﬁé%@%p&vmf@@]utieqet%mber of

coagulation bath and the plastic’stretching bath are preferably the same

ho 24Kindy,and 8ok solventor-a mixed solvent contaiaing twe Or- MeFe oo .
selected from N-methyl-2-pyrrolidone, dimethylacetamide and

Théipethylformamideare:preferably used By using theamidensolveats Hf: nq
the same kind, the recovering steps are integrated and simplified, which
abisiecariomically osefud. Hiereds arciose:eefationship between theagulation

temperature and the composition of the plastic stretching bath, and it is
ba prefesabiyused ek thelWeightrconcentratiot of the:amide olvent ishich

from 20 to 70% by weight, and the temperature is
is then set to the subseguent steps.
Step (2): Plastic Stretching

The fiber bundle containing the porous fibrous material

{(filament) obtained through coagulation is introduced into a
plastic stretching bath containing an aquecus solution of an
amide solvent, and stretched in the bath. The plastic
stretching bath in the invention contains an agueous solution
of an amide solvent and contains substantially no salt. As
- the amide solvent, one capable of swelling a meta-type aramid
and being well miscible with water can be preferably used.
Preferred examples of the amide solvent include
N-methyl-2-pyrrolidone, dimethylacetamide,
dimethylformamide, dimethyimidazolidinone and the like. A
solvent of the same kind as used in the coagulation bath is
particularly preferably used industrially. Accordingly, the

amide solvents used in the polymer solution, the coagulation

bath and the plastic stretching bath are preferably the same

27



from 20 to 70C. in the region lower than the ranges, plasticization of the
fibrous material does not sufficiently proceed to fail to attain a sufficient
stretching ratio upon plastic stretching, and in the region higher than the
ranges, the surface of the fiber is melted and fused to fail to attain
favorable spinning. In the invention, the ratio of plastic stretching is

nera from 1. 5 to 10 times, andpreferably from 2 to 6 times.
i ot o7 1SS S b S i e e 16 i o

mOl@ger ?gogrddr{ eei:)ckhehnlcal %ﬁ{ﬁlnzgﬁgﬂgwcydm S eng%rh éaesg?ca&mde

ulusan e By Stret &rto a high Fatio in

N T

|mproved o exhi |tgo prop ties, and simu aneous e poresin

solhefiber areqollapsed by stietehing o facilifatg faverable prag(ess.of .+ oq

densification by the 28 subsequent heat treatment. Accordingly, the

andtreteling ratiosis preferablyshigheh dpwaverinithe gase where the fiber
is stretched to a high stretching ratio exceeding 10 times, it is not

prefertegksinge the eandition ©f the process May:-be (deterieratechie:cause e

fuzz and thread breakage frequently. Step (3): Rinsing and Saturated
anbtelam dJoeatment The filberthaving deehcubjeetedia the Istepmof thed it is

plastic stretching bath is then rinsed with cold water generally at 30C or
pridss; aptisubsequentlys afteerinsing Withowarnewatert ion of the amide

solvent i1s from 20 tec 70% by weight, and the temperature is
from 20 to 70°C. In the region lower than the ranges,
plasticization of the fibrous material does not sufficiently
proceed to fail to attain a sufficient stretching ratio upon
plastic stretching, and in the region higher than the ranges,
the surface of the fiber is melted and fused to fail to attain
favorable spinning.

In the invention, the ratio of plastic stretching is
generally from1.5t0o 10 times, andpreferably from 2 to 6 times,
A stretching ratioof less than 1.5 times is not preferred since
the resulting fiber is poor in mechanical characteristics
including strength, elastic modulus and the like. By
stretching the fiber to a high ratic in the plastic stretching
step, the strength and the elastic modulus of the fiber are
improved to exhibit good properties, and simultaneously, the
fine pores in the fiber are collapsed by stretching to

facilitate <favorable progress of densification by the
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generally at from 50 to 90C, subjected to a steam treatment in a

saturated steam atmosphere having a saturated steam pressure of from

0.02 to 0.50 MPa. In the saturated steam treatment, the fiber can be

increased in orientation while suppressing crystallization. The heat

treatment in a saturated steam atmosphere can heat-treat uniformly to

the interior of the fiber bundle as compared to a dry heat treatment, _
SURHRAS 4 REMOgEnBas BRI can’te-GBtamed Furthermiores iserpfisingly; 1o

the fiher surface is not crystallized to form no_skin layer by the saturated
S e%er:]%er‘}é%ll%m%é/r?f? wheréby tk%)‘"}s%Yvee‘?ﬁ réfainiiig ﬁﬁ%% Pﬁ%ﬁ&ﬁaﬁ%@%tg oper
. .the fiber urgﬂl can be remoyed uEstantiaII campletely from the interior
lso? t %%(?fi%ere t r%agﬁ ragﬁi%%iﬁgﬁgrgc é“@oqdf‘fn%yttclﬁheg %r?eec%%“]hzlls ?ﬁ)hgcmes’

i £ remainip M@g@o%Eéh%fpéoggﬁﬁfibce{%n@bﬁE%Vj&eeci?eédgé%%O%a be

weight or less, and even when the resulting fiber is's toa heat

deteatmentiand working, dtdoes, notsuffer, 29 fusin ar elgrationdg., ...+ 1 .

suppress the quality from being deteriorated. Accordingly, the invention

stppovides: amovek metartype wholy aromatic. palyamida- that is excellent in
high temperature heat resistance as compared to the conventional

produtite: Etveaver; in theisase where:thessatusated steam Jressarelisstic

less than 0.02 MPa in this step, it is not preferred since no sufficient effect
st oestelaim treatmentican:bhewbtained dowprovidedess effectnf gecteasing at

the remaining solvent amount. In the case where the saturated steam
30ftessuteexceeds] subsequently, after rinsing with warm water

generally at from 50 to 90°C, subjected to a steam treatment

in a saturated steam atmosphere having a saturated steam
pressure of from 0,02 to 0.50 MPa. In the saturated steam
treatment, the fiber can be increased in orientaticn while
suppressing crystallization. The heat treatment in a
saturated steam atmosphere can heat-treat uniformly to the
interior of the fiber bundle as compared te a dry heat treatment,
whereby a homogenous fiber can be obtained. Furthermore,
surprisingly, the fiber surface is not crystallized fto form
no skin layer by the saturated steam treatment, whereby the
solvent remaining in the monofilaments of the fiber bundle can
be removed substantially completely from the interior of the
fiber through rapid diffusion. According to the mechanism,
the remaining solvent amount in the product fiber can be lowered
to 1.0% by weight or less, and even when the resulting fiber

is subjected to a heat treatment and working, it does not suffer
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0.5 MPa, it is not preferred since crystallization of the fiber is facilitated
upon processing to form a skin layer, whereby the remaining solvent
amount cannot be sufficiently decreased. The stretching ratio in the
saturated steam treatment has a close relationship to exhibition of the
strength of the fiber, and in general, the stretching ratio is preferably set

fuinia range o(f:gr%n O.t7.to 5 times, and more pr ferabIXCin a_ran%e of fgci))m,
17 7%o Jtimes; While thé rati m%}%%raerﬁﬁrar%ese f&d I’ considration™d

ded ' duct. In th here, th
de{?feg‘f%‘%%”eé&.e #&%%%é%%%g t'e Pfl% q{:nv%%’rcgéﬁseeg%oggeqﬁge b&fj na;ﬁ)vel

stretching ratio isless t Imes, It IS no Ince ng

me PEOREFY0f iR fiber byndle: (lameny) in the saturated steam atmosphere

is deteriorated. In the case where the stretching ratio exceeds 5 times, It

r edpBOtRIglarTed since dhread hreakage UpRR -stietchings increased,ansh 2 1

fuzz and thread breakage in the process occur. The stretching ratio
préefered herginie 30-expressedeby-thedatio, et-the fiber lengihr aftethg rcam
treatment with respect to the fiber length before the treatment, and for
prexampie;a steatehingsratia 0£QP ime meansdhatthe fibes iscopfiaadly red
contracted to 70% of the original length in the saturated steam treatment
sistep,rand flf timesmiears that thé fiberis treatedrivyrstretehing:bydi8bned
The period of time of the saturated steam treatment is generally
to praferaile frofde.546 B0 Seedndk: 4 thve dase Where tre funining fibdrvent

bundle is continuously treated, the
amcunt. In the case where the saturated steampressure exceeds

0.5MPa, it is not preferred since crystallization of the fiber
is facilitated upon preoccessing to form a skin layer, whereby
the remaining solvent amount cannot be sufficiently decreased.

The stretching ratic in the saturated steam treatment
has a close relationship to exhibition of the strength of the
fiber, and in general, the stretching ratio is preferably set
in a range of from 0.7 to 5 times, and more preferably in a
range of from 1.1 to 2 times, while the ratiomay be arbitrarily
selected in consideration of the demanded properties of the
product. In the case where the stretching ratio is less than
0.7 times, it is not preferred since the bundling property of
the fiber bundle (filament) in the saturated steam atmosphere
is deteriorated. In the case where the stretching ratio
exceeds 5 times, it is not preferred since thread breakage upon
stretching is increased, and fuzz and thread breakage in the

process occur. The stretching ratic referred herein is
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treating time is determined by the running length and the running speed
of the fiber bundle in the steam treatment bath, and thus they may be

controlled to select the treating time capable of providing the best effect.
Step (4): Dry Heat Treatment The fiber bundle having been subjected to
the saturated steam treatment is then subjected to a dry heat treatment,

o Byl 22y PegLsireiching orhe ke, by using gheatlate. o, heat oy,

e a temperature of from more preferapfy

W iEBn} § 9 é% § 89(53 t.m_eth% E%Ste Wgﬁ&%ﬂ"% e(%rg J‘ée aa_tf}ée %%%@1&%@9 ,e r§w5ef or

is less than 250C, it is not suitablesince the porous fiber cannot be

exayfficiently densified,;and theresultingfiberhas.insufficient;mechanical; .

characteristics. In the case where the dry heat treatment temperature is a

ishighhtemperatpreexceedingAQQCT it is pot preferred since thersuriaceob he
the fiber is thermally 31 deteriorated, and the fiber has poor quality due to

sacoloration. sthastretchingaeatio indbe dryheat treatmeskhas argioseatr the
relationship to exhibition of the strength of the fiber, and in general, the
fikteetchingratie ispréferablyrsetdh arrange afiftcam 0.7 to 4 times, and
more preferably in a range of from 1.5 to 3 times, while the ratio may be
arbitraitilg setected mnicdnisideratiohiof the Yenmneddsstrenyth oeaientike 1is
of the product fiber. In the case where the stretching ratio is less than 0.7
JefifBait i norPTeferréd Sinéé e Meehanical-0 seconds. In the case

where the running fiber bundle is continuocusly treated, the
treating time is determined by the running length and the
running speed of the fiber bundle in the steam treatment bath,
and thus they may be controlled to select the treating time
capable of providing the best effect.
Step (4): Dry Heat Treatment

The fiber bundle having been subjected to the saturated
gteam treatment is then subjected to a dry heat treatment, such
as dry heat stretching or the like, by using a heat plate, a
heat roller or the like, at a temperature of from 250 to 400°C,
and more preferably from 300 to 380°C. In the case where the
dry heat treatment temperature is less than 250°C, it is not
suiltable since the porous fiber cannot be sufficiently
densified, and the resulting fiber has insufficient mechanical
characteristics., In the case where the dry heat treatment
temperature is a high temperature exceading 400°C, it is not

preferred since the surface of the fiber is thermally
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characteristics ofl the fiber are deteriorated due to the I'bw prbcess
tension, and in the case where the stretching ratio exceeds 4 times, itis
not preferred since thread breakage upon stretching is increased, and
fuzz and thread breakage in the process occur. The stretching ratio
referred herein is expressed by the ratio of the fiber length after the
freatment_with respect to.the fiber length befor thre treatment as similar

O L& tiat dRSHEet 1or 16 SeR3). Ardor BXanible, & ShateHirG TatbbT 67
time means that e et s confinedly, foqiracted 1o 20%.af e oudingl o
length in the heat treatment step, and 1.0times means a heat treatment

re Yth:a, constant leagth; The periodcof timeof the dry heat rgatmentis .4

generally preferably from 1.0 to 45 seconds. The treating time can be

in coptrelied withthesrunging, speed-9f the fikepbundle and the. coptact range

length thereof with a heat plate, a heat roller or the 32 like. Advantages
of of the:invention Theimeta-typesarasmigd fiberraceardingita therpvertion isrom

good in stretching property, does not undergo thread breakage and
1. formatibn:afifezz invthiel stretehingan the plastic estretohingaaath thee lect ed

saturated steam treatment and the dry treatment, and thus can be
in stretchiegksmodibly tofa tigh detak stretching eatipt In the iventidhethe the

solution polymerization, the
product fiber. In the case where the stretching ratio is less
than 0.7 time, 1t 1is not preferred since the mechanical
characteristics of the fiber are deteriorated due to the low
process tension, and in the case where the stretching ratio
exceeds 4 times, it i1s not preferred since thread breakage upon
stretching is increased, and fuzz and thread breakage in the
process occur. The stretching ratio referred herein is
axpressed by the ratio of the fiber length after the treatment
with respect to the fiber lengthbefore the treatment as similar
to that described for the step (3), and for example, a
stretching ratic of 0.7 time means that the fiber is confinedly
contracted Lo 70% of the original leﬁgth in the heat treatment
step, and 1.0 times means a heat treatment with a constant
length.

The period of time of the dry heat treatment is generally

preferably from 1.0 to 45 seconds. The treating time can be

controllied with the running speed of the fiber bundle and the

contact length thereof with a heat plate, a heat rcller or the
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neutralization reaction, the wet spinning, the plastic stretching, the rinsing
and saturated steam treatment and the dry heat treatment mentioned
above can be carried out as a continuous coherent process, which is one
of the advantages of the invention, and in some cases, the steps may be
carried out by dividing into some processes. The meta-type aramid fiber
111@%”.5 produced may be further subjected to a crimping treatment
depending on necessity, being cut into a suitable fiber length, and then

Ad{,%ql%@gssgtlseﬂ%@ng steps- in,some cases, the fiber may be wound as

a multi-filament yarn. The fiber of the invention can be suppressed from

suffering cploration erdiscalpration; efthe reductand ¢an he.suppressedn
from suffering generation of a harmful gas or an organic gas even under

is Presessingrandruse-eonditons:of ge particulady: Bighdemperaturgoanthread
thus the fiber is useful 33 particularly as a material, for example, for

br firefightern refothesp heat resistantawofkinghelothes; adilter dot @ bigh plastic
temperature gas, and the like. EXAMPLES The invention will be

s t descriibetinonate, dethit witht veferent esto examiples:and compacativiee dry
examples below. However, the examples and comparative examples are

Lr oafyfor assisting tbomprehehsiontafaheimvdritiope bt the-scepb ofthgotal

invention is not limited by the descriptions thereof. The "parts" and
stretching ratio.

In the invention, the solution polymerization, the
neutraiization reaction, the wet spinning, the plastic
stretching, the rinsing and saturated steam treatment and the
dry heat treatment mentioned above can be carried out as a
continuous coherent process, which is one of the advantages
of the invention, and in some cases, the steps may be carried
out by dividing into some processes.

The meta-type aramid fiber thus produced may be further
subjected to a crimping treatment depending on nescessity,
being cut into a suitable fiber length, and then fed to the
subseguent steps. In some cases, the fiber may be wound as
a multi-filament vyarn.

The fiber of the invention can be suppressed from
suffering coloration or discoloration of the product and can
be suppressed from suffering generation of a harmful gas or
an organlic gas even under processing and use conditions of a

particularly high temperature, and thus the fiber is useful
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" in the examples are all based on weight unless otherwise indicated,
and the amount ratios are weight ratios unless otherwise indicated. The
properties in the examples and comparative examples were measured in
the following manners. (1) Reduced Viscosity (I.V.) The aromatic
polyamide polymer was isolated from the polymer solution and then dried,

a a ured in_c ntrated.sulfuric aC|d ata
pa e e TG0 o Bl 30C o) P B e Eigh ter
cl8@?&?@&%9&%@%%@%@9%@6 tpesaéh%%ft by ‘%%'9}8&9% & high

polymer solution used for spinning” (spinning solution), i.e., the P

repRGENtation was obtained by thefollowing expression. 34 PN
concentration {polymer/(polymer + solvent + others)} x 100 (3) Amount of

Solvent remaining in Fiber (Weight of Amide Compound Solvent) N (%)
About 8.0 g of the fiber collected was dried at 105C for 120 minutes and
ExXtherialtowed to cool in a desiccator, and the weight of the fiber (MI) was
weighed. The fiber was subjected to reflux extraction in methanol for 1.5
hoursTwith ianSexttebextractdr tbextrastthetamide compoandisolvent with
contained in the fiber, and the fiber having been extracted
reference to examples and comparative examples belcw. However,
the examples and comparative examples are only for assisting
comprehension ¢f the invention, but the scope of the invention
is not limited by the descriptions therecf. The “parts” and
"%” in the examples are all based on weight unless otherwise
indicated, and the amount ratiocs are weight ratios unless
otherwise indicated.

The properties in the examples and comparative examples

were measured in the following manners.
(1) Reduced Viscosity (I.V.)

The aromatic polyamide polymer was isolated from the
polymer solution and then dried, and it was measured in
concentrated sulfuric acid at a polymer concentration of 0.5
g/100 mL at 30C°C.

(2) PN Concentration

The weight percentage of the polymer based on the total

part by weight of the polymer solution used for spinning

(spinning solution), i.e., the PN concentration, was obtained

by the following expression.
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and taken out was dried at 150C for 60 minutes under vacuum and then
allowed to cool in a desiccator, followed by weighing the weight of the
fiber (M2) . The amount of the solvent remaining in the fiber (weight of the
amide compound solvent) N (%) was calculated from M1 and M2
according to the following expression. N (%) = (Ml - M2)/M1 x 100 (4) Dry
Heat Contraction Rate at 300C A load of 100 g was hanged on a tow of
3,300 dtex, and marks were put at positions apart from each other by 30

PNc%nég%ncrfgﬁv(%g t!?) load, the tow was placed in an atmosphere 35 at
300C for 15 minutes, and the distance L (cm) between the marks was

measured. The dry h raction rate at 300C was calculated from th
value L accordingpéo 51%{“ %o%lrgv@)ng %?(pressiosnc.) Dr;?lﬁqéat cgr#tl}?éecrti%%ﬁra?e gto ’
300C = (30 - L)/30 x 100 (5) Breaking Strength of Fiber It was measured

according to the method disclosed in JIS L1015. (6) Density of Porous
(3 Fibrous Materialf Flamest)randrRroduetThread The-density.efithe pareusie
fibrous material was an apparent density dl calculated from the fiber
Comiametér and tae fineXe$$ bbtained by measuring according to ASTM
D2130 the coagulated fiber collected immediately after the step (1).
About 8.0 g of the fiber collected was dried at 105°C

for 120 minutes and then allowed to cool in a desicecator, and
the weight of the fiber (M1l) was weighed. The fiber.was
subjected to reflux extraction in methanol for 1.5 hours with
a Soxhlet extractor to extract the amide compound solvent
contained in the fiber, and the fiber having been extracted
and taken out was dried at 150°C for 60 minutes under vacuum
and then allowed to cool in a desiccator, followed by weighing
the welght of the fiber (M2). The amount of the solvent
remaining in the fiber (weight of the amide compound solvent)
N (%) was calculated frem M1 and M2 according to the following

expression.
N (%) = (M1 - M2)/M1 x 100

(4} Dry Heat Contraction Rate at 300°C
A load of 100 g was hanged on a tow of 3,300 dtex, and
marks were put at positions apart from each other by 30 cm.

After removing the load, the tow was placed in an atmosphere
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The densify of th.e product thread about densified fiber‘after dry heat

treatment was a value measured by a sink-float method using

tetrachloroethane and cyclohexane as solvents. (7) Hue of Fiber The fiber

was dried in a drier at 250C for 100 hours and measured for change in

hue value (L*-b*) by measuring with a color measurement apparatus,

" beth Color.Eye Madel CE-3100", produced by Macbeth Co,, Ltd.
at ul%ﬂggrc'io %ﬁi(?lng's 1 isiral figfd, ﬁd’t‘ﬁts%ﬁﬁ:% and WavetsigtRar the

from 360 36 to 740 nm. A lower hue value (L*-b*) indicates significant.. .
s, LSS0 b e dbia ot By (1STRIGE Vi Stedn I"C
wa£8£28 {expression methed of calar byrlQvisugl figld XYZ System) 1 oying

Example 1 (a) Preparation of Solution Polymerization Spinning Solution

ex St artsrof N-methyl-2-pyrrolidone (hereinafter abbreviated as "NMP")
having been dehydrated with molecular sieve was placed in a reactor
equipped with a thermometer, a stirring device and a raw material feeding
port, and after dissolving 108 parts of m-phenylenediamine in NMP, the
solutibnyvag seoled:1e 0C: 203rparts: ef isophthadic ehlaride -having beeni oo
purified by distillation and pulverized under a nitrogen atmosphere was
added to the diamine solution having been cooled under stirring to effect

reaction. The reaction
(5) Breaking Strength of Fiber

It was measured according to the method disclosed in JIS
L1015,
(6) Density of Porous Fibrous Material (Filament) and
Product Thread

The density of the porous fibrous material was an
apparent density dl calculated from the fiber diameter and the
fineness obtained by measuring according to ASTM D2130 the
coagulated fiber collected immediately after the step (1).
The density of the product thread about densified fiber after
dry heat treatment was a value measured by a sink-float method
using tetrachlorcethane and cyclohexane as solvents.
{7) Hue of Fiber

The fiber was dried in a drier at 250°C for 100 hours
and measured for change in hue value (L*~b*) by measuring with
a color measurement apparatus, “Macbeth Color Eye Model

CE-3100", produced by Macbeth Co., Ltd. under conditions of

10° visual field, D65 light source and wavelength of from 360
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temperature was increased to about 50C, and the solution was stirred
continuously at that temperature for 60 minutes, followed by further
reacting under heating to 60C for 60 minutes. After completing the
reaction, 70 parts of calcium hydroxide in a fine powder form was added
thereto over 60 minutes for dissolving and neutralizing (primary

neuytralization) A slurry was prepared hy dispersing 4 parts of remainin
to el tion) / a?lgf 2 1
OcaIcElLrﬁ%ydrox%ftja"\lfrél3 S\Hﬁla?tsvo l@lP%nd%%i éa ((:ilﬁrgnamS Slgm“%ant

ye lydroxide-coptaining slury (peutralizi %Q@‘?‘} WaR %?r?gcé%%%ol$§evalue

polymerization solution under stirring (secondary neutralization

de BERQRMaLY neutralization #@é@%%n%%}é@é‘? 40 10 69¢ %%d%st%%%al

for about 60 minutes to dissolve calcium roxide completely, and thus
fiairolymer selytion as a spinning solution was prepared. The polymer
concentration of the solution (spinning solution) (PN concentration, i.e.,
£ x &heopart by weight of the polymer per 100 parts by weight in total of the
polymer and NMP) was 14, and the I.V. of the poly-m-phenylene
{ajsophthadpmide thus fornfed vBas 2:37c T he Paltiane ehlosidéceonceptratidmg
and the water concentration of the polymer solution were 46.6 parts for
So kaleiyn chloride and 15.1 parts for water per 100 parts of the polymer. (b)
Wet Spinning The spinning solution prepared in the item (a) above was

spun by eje&tigthrough a Hiiedving ajore timetdpbr0.0Thereinafter

abbreviated as “NMP”) having been dehydrated with molecular
sieve was placed in a reactor equipped with a thermometer, a
stirring device and a raw material feeding port, and after
dissolving 108 parts of m-phenylenediamine in NMP, the
solution was cooled to 0°C. 203 parts of isophthalic chloride
having been purified by distillation and pulverized under a
nitrogen atmosphere was added to the diamine solution having
been cooled under stirring to effect reaction. The reaction
temperature was increased to about 50°C, and the solution was
stirred continuously at that temperature for 60 minutes,
followed by further reacting under heating to 60°C for 60
minutes. After completing the reaction, 70 parts of calcium
hydroxide in a fine powder form was added thereto over 60
minutes for dissolving and neutralizing (primary
neutralization). A slurry was prepared by dispersing 4 parts
of remaining calcium hydroxide in 83 parts of NMP, and the

calcium hydroxide~containing slurry (neutralizing agent) was
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mm and a”numbér of pores of 500 into a coagulation b.ath having a bath

temperature of 40C. A bath having a composition of water/NMP/calcium

chloride = 48/48/4 (weight ratio) was used as the coagulation bath, and

the thread was passed with an immersion length (effective coagulation

bath length) of 70 cm at a thread speed of 5 m/min. The density of the

rous thread body (fibrous material) taken out from the coagulation bath

A R LT hm 5 T hbe Bl thven SO e
nelfieConpplationhath was subseauentl stetahanaba sygieching ala of 3.5

times in a plastic stretching bath. A bath having a compositio water

ouiNMP/ealgiym &h&%ri%%%éé?éé%(vg%i%mﬁgg) Was gg%%ﬁ%@%@%l%s to

stretching bath, and the temperature thereof” was 4 Rinsing an
di Saturated Steamitreatment fha fiberindleshaving bgen subjected da yime r
plastic stretching was sufficiently rinsed with cold water at 30C and then
sofurthesinsed avidpwarm wvaterat B0GHT heatread bavieg . been rinsed
with warm water was subsequently subjected to a heat treatment with
saturdted steaimpret a stretching: ratioiam 1 clftimes insa tontainer hapihgning
been filled with saturated steam at an inner pressure maintained at 0.05
soMPaEL Gtk deitlitions andresdontrolled ir such remaanerityatthédiberof the

bundle was treated with saturated steam for about 1.0 second.
polymer per 100 parts by welght in total of the polymer and

NMP) was 14, and the I.V. of the poly-m~phenylene
isophthalamide thus formed was 2.37. The calcium chloride
concentration and the water concentration of the polymer
solution were 46.6 parts for calcium chloride and 15.1 parts
for water per 100 parts of the polymer.
(b} Wet Spinning

The spinning solution prepared in the item (a) above was
spun by ejecting through a die having a pore diameter of 0.07
mm and a number of pores of 500 into a coagulation bath having
a bath temperature of 40°C. A bath having a composition of
water/NMP/calcium chloride = 48/48/4 (weight ratic) was used
as the coagulation bath, and the thread was passed with an
immersion length (effective coagulation bath length) of 70 cm
at a thread speed of 5m/min. The density of the porous thread
body (fibrous material} taken out from the coagqulation bath
was 0.71 g/cm’.

(c) Plastic Stretching
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(e) Dry Heat Treatment Subsequent to the saturated steam treatment, the
fiber bundle was subjected to a dry heat treatment on a heated plate
having a surface temperature of 360C at a stretching ratio of 1.0 time
(constant length), followed by winding. (f) Characteristics of Fiber The
poly-m-phenylene isophthalamide stretching fiber (product thread) thus

ohtaned v Syl ensled, B e medhanicel ShAYdeTIes e

g T
thereof were a’fineness of diekx, a 8en5|ty 0 m%, atensile

suﬁggag%h%fl%(@@gg%eéneg@%e%ﬁ%ﬂ?ﬁéz%ﬁﬁighgwr?mc as in a

column of Example 1 in Table 1s ater, which showed favorable

p1inechanical charagteristigs with ne flyctuation, in; quality %@% Jformation,, ¢

of abnormal thread. The amount of the solvent remaining in the fiber was

wa B8 EXtemely smallas-01/d Y% and thedry heat gentraction ratg at,3000G « 4

was 1.2%, which was an extremely small value as compared to about 3%
as Of MROKeIfek a1 polythephenyignaisephthatamidedibesobtained by ahereof
conventional method. Example 2 A poly-m-phenylene isophthalamide fiber
wa wasproduced in the same manner as in Example 1 except that
dimethylacetamide (hereinafter abbreviated as "DMACc") was used as the
(d polyrfiérization solverit{amite solverty aThé resultseobitained herein are
shown in the column of Example 2 in Table 1 shown
The fiber bundle having been subiected to plastic
stretching was sufficiently rinsed with cold water at 30°C and

then further rinsed with warm water at 60°C. The thread having

been rinsed with warm water was subsequently subjected to a
heat treatment with saturated steam at a stretching ratio of
1.1 times inacontainer havingbeen filledwith saturated steam
at an inner pressure maintained at 0.05 MPa. The conditions
were controlled in such a manner that the fiber bundle was
treated with saturated steam for about 1.0 second.
(&) Dry Heat Treatment

Subsequent to the saturated steam treatment, the fiber
bundle was subjected to a dry heat treatment on a heated plate
having a surface temperature of 360°C at a stretching ratio
of 1.0 time (cconstant length), followed by winding.
{£) Characteristics of Fiber

The poly-m~phenylene isophthalamide stretching fiber
(product thread) thus obtainedwas sufficiently densified, and

the mechanical characteristics thereof were a fineness of 2.2
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later. Examples 3 and 4 A poly-m-phenylene isophthalamide fiber was
produced in the same manner as in Example 1 using the same
polymerization solution as in Example 1 except that the vapor pressure
and the stretching ratio in the saturated steam treatment and the
stretching ratio in the dry heat treatment were changed as shown in Table

atd= THeLonditions, in the process were gaod, Q%dcg‘e%é’@ﬁré‘%t%rj%ﬂ%?&@ H].gex

fibers thus obtained were as shown in 40 the columns of Examples 3 an

and ipnTable Ishown later. sComparative Examples. 1and 24 o Example 1

poly-m-phenylene isophthalamide fiber was produced in the same
in MameE ag indkxamplezk usinghe samemolurerizaion salutionas it ical

Example 1 except that the stretching ratio in the dry heat treatment was
ch£hanged asshown iniEablent; and ke saturated steamsifeatment wasi no
omitted. The results obtained herein are shown in the columns of _
foComiparativef Examplesa]l antt 2dnd ableThshowrolater. Tdble dcExamiptent
1 Example 2 Example 3 Example 4 Comparative Comparative Example 1
refExamigle 21 Antide sbivent NMP BDMASNMPINMP NN NMR Derdity obnd

coagulated thread 0.71 0.70 0.71 0.71 0.71 0.71 body (g/cm’)

the dry heat contraction rate at 300°C was 1.2%, which was an
extremely small value as compared to about 3% or more for a
poly-m~phenylene isophthalamide fiber obtained by a
conventicnal method.
Exanple 2

A poly-m-phenylene isophthalamide fiber was produced in
the same manner as in Example 1 except that dimethylacetamide
{(hereinafter abbreviated as “DMAc”) was used as the
polymerization solvent {(amide solvent). The results obtained
herein are shown in the column of Example 2 in Table 1 shown
later.
Examples 3 and 4

A poly-m-phenylene izophthalamide fiber was produced in
the same manner as in Example 1 using the same polymerization
solution as in Example 1 except that the wvapor pressure and
the stretching ratio in the saturated steam treatment and the
stretching ratio in the dry heat treatment were changed as shown

in Table 1. The conditions in the process were good, and the

characteristics of the fibers thus obtained were as shown in
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Pressure of saturated steam 0-05 0.05 0.40 0.05 no steam no steam
(MPa) Stretching ratio upon steam treatment 1.1 1.1 1.2 1.0 - - (times)
Stretching ratio upon dry heat 1.0 1.0 1.0 1.0 1.0 1.2 treatment (times)
Fineness of thread 2.2 2.2 2.2 2.3 2.3 2.2 (dtex) Breaking strength of
thread (oN/dtex) 3.68 3.72 3.91 3.52 3.49 3.73 Breaking elongation 42 46
cn3857155.42 olthyead (8) Density,of thread (alem).1.333,33 7., 133 1.32
1.33 1.33 Amount of remaining 0.71 0.52 0.38 0.93 2.36 2.28 solvent (%)
Colh¥ Pgat cantiagtign k2 1:3 9,316 2.8 3.7 ratio at 300C (3) Hue (L*-b*)
before 79 8 80.6 80.1 79.0 74.1 73.9 heat treatment Hue (W-be) after

A poly-m-phenylene iscophthalamide fiber was produced in

the same manner as in Example 1 using the same polymerization

solution as in Example 1 except that the stretching ratio in

the dry heat treatment was changed as shown in Table 1,

the saturated steam treatment was omitted.

obtained herein are shown 1n the columns

Examples 1 and 2 in Table 1 shown later.

and

The results

of Comparative

Table 1
. Comparative | Conparative
B le 1 | E le 2 | Ex 2
zample xample xample 3 | Example 4 Example 1 Example 2
Amide sclwvent NMP DMAC NME NMPE NP NMP
Density of
coagulated thread 0.71 0.70 0,71 0.71 0.71 0.71
pody (g/cm’}
Pressure of
saturated steam G.05 0.05 0,40 0.405 no steam no steam
(MPa)
Stretching ratio
Upon steam treatmant 1.1 1.1 1.2 1.0 - -
(times)
Stretching ratio
upon dry heat 1.0 1.0 1.0 1.0 1.0 1.2
treatment (times)
Fineness of thread ~ ~
(dtex) 2.2 2.2 2.2 2.3 2.3 2.2
Breaking strengthof R . =
thread (oN/dtex] 2.68 3.72 3.91 3.52 3.49 3.73
Breaking =longation - " .
of thread (3] 4z 46 38 27 55 42
- T 3
Density of thread 1.33 1.33 1.33 1.32 1.33 1.33
fa/om’)
Amount of remzining 0.7 0.52 .38 0.93 2.36 2.28
solvent (%)
Dry heat contraction
.2 .3 0.8 1.6 Z. )
ratic at 300°C (%) * * ¢ 3
Hue {L*~k*) hefore
9.8 & 1 5. :
heat reatment 79.8 80.8 BO.1 1%.0 T4.1 73.9
Hue {L*-b*} after
heat treatment at T6.2 7701 185 75.9 T1.5 T0.2
250°C for 1 hour
INDUSTRIAL APPLICABILITY
According to the invention, such a meta-type wholly
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heat treatment at 76.2 77.1'78.5 75.9 71.5 70.2 250C for 1 hour
INDUSTRIAL APPLICABILITY According to the invention, such a
meta-type wholly 41 aromatic polyamide fiber (particularly a poly-mom
phenylene isophthalamide fiber) is provided that is good in mechanical
strength, heat resistance and the like, and has an extremely small
ar @MQUNt of,a splvent remaiping in the fiber, which can suppress galoration; .
or discoloration of the product even under processing and using
i s GOREHions.af @highdemperatyse -andiis; canable:of siessigechanical
generation of a harmful gas or an organic gas, whereby the meta-type
s t wéhoflyraromatie pelyamidefiber, agcerding {othe inventign has significant v
usefulness particularly in the field where the fiber is processed or used at
smalhighremperatire. 4CLANNSrdmAimetastype whally@arpmaticwhich can
polyamide fiber excellent in high temperature processability, characterized
supp thatanahount oba solvens cerhaininigl orthetfibbeis 1096 cliyaveight ode
less, a dry heat contraction rate at 300C is 3% or less, and a breaking
pregepginef tiedfiberissd.0uNldiekoor mérex 2 The frstatypecwhollyand is

aromatic polyamide fiber excellent in high temperature processability as
capdinfdihsuppressing generation of a harmful gas or an organic

gas, whereby the meta-type wholly aromatic polvamide fiber
according to the invention has significant usefulness
particularly in the field where the fiber is processed or used

at a high femperature.
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claim 1, wherein the solvent remaining in the fiber is an amide solvent. 3.
The meta-type wholly aromatic polyamide fiber excellent in high
temperature processability as claimed in claim 2, wherein the amide
solvent remaining in the fiber is at least one of N-methyl-2-pyrrolidone,
dimethylacetamide and dimethylformamide. 4. A method for producing a

meta-type wholly aromatic polya(g%gﬁp&ber by wet spinning a polymer
solution containing a meta-type wholly aromatic polyamide comprising a
m-phenylenediamine isophthalamide skeleton as a major component,
and an amide solvent containing a salt, characterized in that (1) the

polymer solution;is ejecteghinto,a coagulatiophath confainipganami¢e pe
solvent and water and containing a salt to coagulate as a porous fibrous

exdadtedgal; 43 (2} whichdssubsequenthyrsiretehedinia plasticsiretehing i zed
bath containing an agueous solution of an amide solvent, (3) is rinsed

in withhwader andithen stibjected teatheatireatment in satiyatec steamn, ands
(4) is then subjected to a dry heat treatment. 5. The method for producing

by avmeta-type whaolly , aromiatic ipely/amidetfiver as claimeddnglamo 45¢ is 3%
wherein in the step (1), the coagulation bath has a composition in terms

Or ofewBightatie dP i Badide 86eRushfrom 40\ 60%ey WeightCapld/altex

concentration of the salt of from 0.3 to 10% by weight,
o more.

2. The meta-type wholly arcomatic polyvamide fiber
excellent in high temperature processability as claimed in
claim 1, wherein the solvent remaining in the fiber is an amide
solvent.

3. The meta-type wholly aromatic polyamide fiber
excellent in high temperature processability as claimed in
claim 2, wherein the amide solvent remaining in the fiber is
at least one of N-methyl-2-pyrrolidone, dimethylacetamide and
dimethylformamide.

4. Amethced for producing a meta-type wholly aromatic
polyamide fiber by wet spinning a polymer solution containing
a meta-type wholly aromatic polyamide comprising a
m-phenylenediamine isophthalamide skeleton as a major
component, and an amide solvent containing a salt,
characterized in that (1) the pelymer solution is ejected into
a coagulaticn bath containing an amide solvent and water and

containing a salt to coagulate as a porous fibrous material,
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and a temperature of the coagulation bath is from 20 to 70C. 6. The
method for producing a meta-type wholly aromatic polyamide fiber as
claimed in claim 4 or 5, wherein in the step (2), the plastic stretching bath
has a composition in terms of weight ratio of the amide solvent of from 20
to 70% by weight, and the fibrous material is stretched at a ratio of from

(21219 49 times i, the plastic sirefching hath a 2 temperatyre ofifram 20,

to 70C. 7. The method for producing a meta-type wholly aromatic

baolyamide;fiber pselaimed in one of ¢laims 4:to 6y, wheran inthesten (3k)

the fibrous material is subjected to the heat treatment at a stretching ratio
is of frore @. 7,105 Qv dimes igrsatunated stgam: of-feemiQ,02 te H:50 MRa 8rent
The method for producing a meta-type wholly aromatic polyamide fiber as
in daimedsineehesafelaimsddo 74 /44 wherein insthieisiep44) rthesfibroyusheat
material is subjected to the dry heat treatment at a stretching ratio of from
trerTnerd0 times at a temperature of from 250 to 400C. 9. The method for
producing a meta-type wholly aromatic polyamide fiber as claimed in one
of claims 4 to'8e wherehvds the polymedsolition subjeeteatowwet wholly
spinning, a_meta-type wholly aromatic polyamide solution is used that
ar Ypmtdifskaldigm dfofide Shdate Fformed.fredgh théutrdlizdtiokiof n the

hydrogten chloride by-grod,uced after reacting an aromatic diamine and an
St%ﬁoﬁkak<ﬁ&%ﬁ6%@&? ation bath has a composition in terms of

welght ratioc of the amide solvent of from 40 to €0% by weight
and a concentration of the salt of from 0.3 to 10% by weight,
and a temperature of the coagulation bath is from 20 to 70°C.

6. The method for producing a meta-type wholly
arcmatic polyvamide fiber as claimed in claim 4 or 5, wherein
in the step (2), the plastic stretching bath has a composition
in terms of weight ratio of the amide solvent of from 20 to
70% by welght, and the fibrous material is stretched at a ratio
of from 1.5 to 10 times in the plastic stretching bath at a
tenperature of from 20 to 70°C,

7. The method for producing a meta-type wholly
aromatic polyamide fiber as claimed in cne of claims 4 to 6,
wherein in the step (3), the fibrous material is subjected to
the heat treatment at a stretching ratio of from 0.7 to 5.0
times in saturated steam of from 0.02 toc 0.50 MPa.

g, The method for producing a meta-type wholly

aromatic polvamide fiber as claimed in one of claims 4 to 7,
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chloride in the presence of an amide solvent. 10. The method for
producing a meta-type wholly aromatic polyamide fiber as claimed in one
of claims 4 to 9, wherein as the amide solvents contained in the polymer
solution, the coagulation bath and the plastic stretching bath, one, or two
or more selected from the group consisting of N-methyl-2-pyrrolidone,

wndimethyagetamide and dimethylfornamide are used. 11.;The method for . |
% EG%I (?In

producing a meta-type wholly aromatic polyami er as clam

thélaimA,1 99119 wherein (in.a-method for producing a metastype ywholly; +

aromatic polyamide fiber by wet spinning a polymer solution containing a

4. netarype whally.argmaticinplyamide comprising a ;m-pheaylenediamine

isophthalamide skeleton as a major component, and an amide solvent
including a saft; £1) the polymersolution ds 4brepagulated in-a geagulation
bath containing an amide solvent and water and containing a salt, where

ardimthelcoggulation Hath? iaeompositicnimderms of weight ratiainfthe to 2,
amide solvent is from 40 to 60% by weight and a concentration of the salt

whegrfram 0.3 tohEOwPByWeightpand ademperatars efitHes coagutationrbath, a
is from 20 to 70C, to form a porous fibrous material, (2) which is

e Sghsedfenty stretchedcatatratio B i 1B tosSI0- tifheslin 4 plastied that
stretching bath containing an aqueous solution of an amide solvent and

COMBFiyT comigsSiiBh irftelmis ol Sveighit fatio Wt Bife amitle Sbhdent GPF6mID

ne&ggglization of hydrogen chloride by-produced after
reacting an aromatic diamine and an aromatic dicarboxylic
chloride in the presence of an amide sclvent.

10. The method for producing a meta-type wholly
aromatic polyamide fiber as claimed in one of claims 4 to 9,
wherein as the amide solvents contained in the polymer soluticn,
the coagulation bath and the plastic stretching bath, one, or
two or more selected from the group consisting of
N-methyl-Z-pyrrolidone, dimethyvacetamide and
dimethylformamide are used.

11. The method for producing a meta-type wholly
aromatic polyamide fiber as claimed in claim 4, 9 or 10, wherein
in a method for producing ameta~type wholly aromatic polyanide
fiber by wet spinning a polymer solution containing a meta-type
wholly aromatic polyamide comprising a m-phenylenediamine
isophthalamide skeleton as a major component, and an amide

solvent including a salt, (1) the polymer soclution 1is
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70% by weight and at a temperature of from 20 to 70C, (3) is rinsed with
water and then subjected to a heat treatment in saturated steam of from
0.02 to 0.50 MPa at a stretching ratio of from 0.7 to 5.0 times, and (4) is
then subjected to a dry heat treatment at a stretching ratio of from 0.7 to
4.0 times at a temperature of from 250 to 400C. 46

coagulated in a coagulation bath containing an amide solvent
and water and containing a salt, where in the coagulation bath,
a composition in terms of weight ratio of the amide solvent
is from 40 toc 60% by weight and a concentration of the salt
is from 0.3 to 10% by weight, and a temperature of the
coagulation bath is from 20 to 70°C, to form a porous fibrous
material, (2} which is subsequently stretched at a ratio of
from 1.5 to 10 times in a plastic stretching kath containing
an agueous sclution of an amide solvent and having a composition
in terms of weight ratio of the amide sclvent of from 20 to
70% by weight and at a tenperature of from 20 to 70°C, (3} is
rinsed with water and then subjected to a heat treatment in
saturated steam of from 0.02 to C.50 MPa at a stretching ratio
of from 0.7 to 5.0 times, and (4) is then subjected to a dry
heat treatment at a stretching ratio of from 0.7 to 4.0 times

alt a temperature of from 250 to 400°C.
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