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, it PelatEsIbT ndvel 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
Mgdpatilé of suppregsing £BlaYation-of Edberpreduct dhllis capablelgivl N

I’OVIdI roduct with high performance and high quality, produced by
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from a meta-type wholly aromatic polyamide polymer solution containing
It, 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 weII known that a wholly aromatic polyamide produced from an

(ifl) nd an aromatic dicarboxylic 1 dichloride is excellent in

eat resistance and excellent in flame retardancy. It has also been known

that the holly ssamatic pobyaid s soluble In an amide.salvant,andgon 1y

fiber can be obtained from the polymer solution through such a method
aromatic polyamide fiber excellent 1in high temperature

processability, and a method for producing the same. More
specifically, it relates to a novel meta-type wholly aromatic
polyamide fiber that contains an extremely small amount of a
golvent remaining in the fibers, contains a small amcunt of
avolatile substance harmful in a heat treatment step at a high
temperature, is capable of suppressing coloration of a fiber
product, and is capable of providing a product with high
performance and high gquality, produced by subjecting a £ibrous
material, which is formed by a wet spinning method from a
meta-type wholly aromatic polyamide polymer solution
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



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 producing the metalamide fiber, the following two methods (a)
dicntofb) fave sheertemployed. Furthermors; thé following thethod [d)tot(e} n
have been also proposed as a method for producing the metalamide
flamper. ayrAaraéethsd ; in whichas-phemsyemshaminecant Sophthiie wholly
chloride are subjected to low temperature solution polymerization in
ar NpNLdimEthy B iRidets prefarg d hély-mrpiEhyiend fophthamide Per
solution, and then a polymer solution containing calcium chloride

cathhaiRBd by HedtrdiZhg iy Brochittc Sttty prodidet it sohdig thod
ith calcium, hydroxide is dry-span to praduce a metalamide fiber (see .
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andrd r%ic Q/gnt (such as tetrahydrofuran) that is not a good solvent of a
proguct polyamide containing a m-phenylenediamine salt and

isophthali¢, chigride is made.in coniactwith an aguequs, Sqlutign system.

containing an inorganic acid receiving agent and a soluble neutral salt to

whdsalatepowder;of & polyrm-phenylgnelsophthalamide eer abbreviared
JP-B-47-10863), and the

as "metalamide” in some cases) represented by poly-m-phenvliene
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 alsc proposed as amethod for producing themetalamide
fiber.

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

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

tetrahydrofuran} that i1s not a good solvent of a product



polymer powder is re-dissolved in an amide solvent and then wet-spun in
an aqueous 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 containing no inorganic salt or a small amount (2 to 3%) of
lithium chloride formed by dissolving a metalamide synthesized by a
po sohmiohepolyrigtization miethod in an aimdey selventi(see nIP-A-50152167nd
(d) A method, in which a metalamide polymer solution, which is formed by
1 s pRidtionipslynériZzatioAsn &F afriéSsolentCahd e6htairs ‘Calciit cHlhde:s
formed by neutralizing with calcium hydroxide, calcium oxide or the like,
50 it watety - pRssed fifrotdh A §as by Bsdtiry ffo the §as ifblghagent
pinning die, and then introduced into an aqueous coagulating bath, and
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contains calcium chloride formed by neutralizing with calcium hydroxide,

weCalGIWM oxide or.the like .and water, is, spun dnto an agueaus cgagulation

bath containing calcium chloride in @ high concentration through a

i nSPiRing digtodfory ipio.adiber matenial(see dB-ArB-r4l2l:ands 1 ) .
JP-A-10-88421). (f) A method, in which a polymer solution of an amide

{c} Amethod, inwhichamoldedarticle, suchas a fiber,
is preduced 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 a metalamide synthesized
by a sclution polymerization method in an amide solvent {see
JP-A-50-52167) .

() A method, in which a metalamide polymer solution,
which is formed by solution polymerization in an amide solvent
and contains calcium chloride formed by neutralizing with
calcium hydroxide, calcium oxide or the like, and water, is
passed tThrough a gas by extruding into the gas through a
spinning die, and then introduced into an agqueous coagulating
bath, and is further passed through an agqueous solution of an
inorganic salt, such as calcium chloride and the like, to form
into a fiber material {see JP-A-56-310093).

(e) A method, 1n which a metalamide polymer solution,

which is formed by solution pelymerization in an amide solvent



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 into a fiber having a considerably fine

porous nature and a density of 1.3 g/cm3 or less (see JP-A-52-43930) .

(g9) A method, in which a meta-type aramid polymer solution containing
angupstarfdifno-salEis Ebagilatedi By efectingdntoa coagulaionPay with

containing an amide solvent and water to form a fibrous material .
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containing an amide solvent and water and then subjected to,rinsing with
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amide solvent and water to form a fibrous material aﬂ]ilament), which'is

subseqyently,stretched in the airunder 4-fegtin astate where he fibrgus, .

material contains the amide solvent, and thén subjected to heating and a

so heat treatment -FEsA-2001:348726); L) A metheds in Which:2 polymer: + yre

solution containing a meta-type aramid and an amide solvent containing a
thsalids: elected-ntoraceagylatenbath-aataining,an amide selvent @ngt ion

water and containing substantially no salt to form a porous

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 into a fiber having a considerably fine porous
nature and a density of 1.3 g/cmSOr less (see JP-A-52-43930).

(a) A methed, in which a meta-type aramid polymer
solution containing substantially no salt is coagulated by
ejecting into a coagulation bath containing an amide solvent
and water to form a fibrous maeterial (filament), which is
subsequently 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-2003-301326, JP-A-2003-342832, JP-A-2004-3049,
JP-A-2005-54315 and JP-A-2005-54335) .

{h) A method, in which a meta-type aramid polymer
solution is coagulated by ejecting into a coagulation bath

containing an amide solvent and watexr to forma fibrousmaterial

(filament), which is subsequently stretched in the air under



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 (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
hegifmiskin [afef 9s forered bBhahédurface ofthe fiber. Accordingly, itig amide
difficult to remove sufficiently the solvent remaining in the fibrous material

SO LfteR bpinfitl SV by HRskghe soivert ahith Wateorthadike, treatnent

I Conseﬁluentély, the solvent remaining in the fiber brings about such a
‘J%F@EI@ ‘tha e7ﬁl§e)r‘suffers, upon using in a high temperature

atmogghere,z\{ergo%pgdand gene.ragon of or%anic 92 due to

evap eftion or ecompbsﬁ%nwgfj‘tﬁe So8ntre 1%liﬁlcr)]g. rfhe gt Y

- EL0 @) vaparation of Ine golyent doesnat gecur I the spinnina step.
owing t %vet splnnmg,abut 5 upon introducing Into the agueou

e+ coagulation bath or the, aguegus coagulation bath containing an inarganic.

salt in a high concentration, the solvent is released from the vicinity of

andhgsutface. af the, palymsr solution formedsinto afiber forp, intethe porous

agueous coagulation bath, and simultaneously water invades into the
1 irtedarof thengeagulated Hbrausqnaterial frem:the viciity ofithe susfageric

thereof, so as to form a firm skin layer. Accordingly, the problem of
styeloingeantkaiganintaining an aguecus solution 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 scluticn 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 solvent
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
generaticon of an organic gas due to evaporaticn or
decomposition of the solvent remaining.

In the methods (b)) Lo (&}, evapcration of the solvent

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



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 (f) is for
producing a porous meta-type aramid fiber having a density of 1.3 g/cm3
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
upcgramid-polgier selutibli coftainirg saestantially siol sl candothsre issuthe
a problem that for producing the salt-free polymer solution, such a step is
Aq4egHUiIFet R et theopoRier (9 isblated Trinse 8Rd FembieSa salt Braali 1 gh
salt in the polymer solution is filtered with a filter or the like. In the method
CONRFNe StrétEningiE cARHEHEt i Thé Sif BMBthas Wis dificdit that the ©F
th tem e£atures gf ﬂhe filarﬂent and the %moung_s of th$ solvent a gle li
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coagulation, but the orientation is liable to be relaxed in the water rinsing

£r BNA/QEWATE; watey rinsing step. Acrordingly, oIt is ngcegsany foANCrease s ry
the orientation again in the heat treatment step for obtaining a fiber

sk ihaving bigh sttengthq and:1 n theotherhand, maigarystallizationoeewsn i ¢
in the heat

gas due to the solvent remaining in the fiber cannct be avoided

as similar to the fiber formed by the dry spinning method.

The method (f) 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 sali-free
mefta-type aramid polymer solution containing substantially no
salt, and there is such a problem that for producing the
galt~free polymer solution, such a step is required in that
the polymer is iscolated to rinse and remove a salt, or a salt
in the polymer solution is filtered with a filter or the like.

In the method {h!, the stretching is carried out in the
alr, and thus it is difficult that the temperatureg of the

filament and the amounts of the solvent and the like remaining

each are identical between the outer periphery and the core



treatment step. Consequently, the resulting fiber has such a problem that
it has a high heat contraction rate at 300C or more. JP-A-2000-303365
proposes a method 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 isophthalamide obtained in the similar method as
pathie méthdde(bf asammajor repeatiguunit; inian a@midel solvient;ds ejecteth =
into a coagulation bath containing an amide solvent and water and
horogtaing hosait td goagulatevdsia fgdreus fibrous material (filament),
which is subsequently stretched in a plastic stretching bath containing an
aquedlistB6lHwieranidmidé soivent fellewearbysubidcting fofripging 1ber
_with water and then heat treatment. JP-A-2001-348726 proposes a
18 et FedRigsa poreisHittous Midtetiah thuscoagiated 79 stretchete -
under heat in the air in a state where the pores  contain the coagulation _
COFgHioPor'd Plasitizing fuid, &t heatdd in%h Stid whelé 1R pdfek?*ed 1n
contain_the,coagulation liquid, followed by subjecting to heat treatment. |
B e oI A o SRS IO0S b Hevihg: Subob g oo
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ion is formed in to the fibrous material by coagulation.

£ rSIPWRMEE, Upop removing., sufficiently:thesolvent: remaining i the fikgr in,
the state of the porous fibrous material, it is significantly difficult

on the other hand, rapid crystallizaticn occurs in the heat

treatment step. Conseguently, the resulting fiber has such

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

or more.

JP-A-2000-303365 proposes a method for producing a dense
metalamide fiber containing substantially no salt (inorganic
ionic substance), in which a polymer sclution containing no
salt formed by disscolving a metalamide having
m-phenylenediamine isophthalamide o¢btained in the gimilar
method as the method (b) as a major repeating unit, in an amide
solvent, is ejected into a coagulation bath containing an amide
solvent and water and containing no salt, to cocagulate as a
porous fibrous material (filament), which is subseguently
stretched in a plastic stretching bath containing an agueous
solution of an amide solvent, followedby subiecting to rinsing
withwater and then heat treatment. JP-A-2001-348726 proposes

a method, in which a porous fibrous material thus coagulated



to stretch thereafter, and thus it is difficult to effect sufficient 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 been described, it is the actual current situation that such a
meta-type wholly aromatic polyamide fiber has not yet been known that is
is suppsessestinyellowing aand getiesatidn of an:organiccgas.tra highe pores
temperature processing step, and is capable of providing a product
cothaving tHigh petfornhandersuchias flame retaridanty chreaking strenigth and
and dimensional stability in a high temperature atmosphere.
he IS LOSURE GRNIMEANVENTICN 8 Antebject bEthe irirehtibhnaylseiid,
to provide a novel meta-type wholly aromatic polyamide fiber that
fokesslves ik Hehats bithe conveRtibnalsiBdiéts s capable of

suppressing coloration or discoloration of a product even under

procegsingtaha Ushieonaiffohs ot & FghOtefperdians Jhd i ddphbig o9
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fiﬂ%%%ﬂ?“%%@@%&%ﬁ?e%¥“EbQ@@lation. However, upon removing
sufficiently the solvent remaining in the fiber in the state
of the porous fibrous material, it isg significantly difficult
to stretch thereafter, and thus it is difficult to effect
sufficient orientation and crystallization. Accordingly,
the fiber thus obtained by the methods has such a defect that
it is inferior in fiber property that 1s inherent to a
metalamide fiber, particularly high temperature heat
contraction stabiiity.

As having been described, it is the actual current
situation 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



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 300C is 3% or less, and a breaking strength of the fiber is 3.0
cN/dtex or more. In a second aspect, there is provided a method for
producing a meta-type wholly aromatic polyamide fiber by wet spinning a
polyfier gbliftioh cohtaifing anfiert-ipe WhAdllyaromatiopolyaiide novel

nefQNIAINAY B mipAenylgnediaming, isophinalapide. skelgton %@631%18 the

component, and an amide solvent containing a salt, characterized in that
def¥ahe polymerssiutioirisvsjestedrinto a poagulation bathe conmmsihgan of

sudpide solvent and water and contajning A salt. {o coagulate as.2pQrous. .,

iIbrous material, (2) which is subsequently stretched in a plastic stretching
unggth contaEining=amaquesns solutivinaf an anide sofvent, (3 ts riksed high

ceWjib water.and then subjected lo a heat 9 freaiment . saturated steam,. ¢

and (4) is then subjected to™ a dry heat treatment. In the disclose
hapethcd, e steps 1) to{4parec seguentially eadietiout forcprodgcing aures
enfiber from a meta: fypewholly arorpatic polyamide polymet slution, andiit,
is preferred that in the step (1), the coagulation bath has a composition in
metermisvafaveight ratioof the antide solent def flom <40, 1080 byweaightl for

prgta(a gi%oycgggaggﬁg the salt of from 0.3 to 10% by weight, and a
temperature of the

In a first aspect, there 1is provided a meta-type
wholly aromatic polyamide fiber excellent in high
temperature processability, characterized in that an amount

Ea

of a solvent remaining in the fiber is 1.0% by weight or
less, a dry heat contraction rate at 3I00°C is 3% or less,
and a breaking strength of the fiber 1s 3.0 cN/dtex or
more.

In a second aspect, there is provided a method for
preducing a meta-type wholly aromatic polyamide fiber by
wet spinning a polymer solution containing & meta-type
wholly aromatic polyamide containing a m-phenvlenediamine
iscophthalamide skeleton as a major component, and an amide
solvent containing a salt, characterized in that (1) the
polymer solution i1s ejected Iinto a coagulation bath
containing an amide solvent and water and containing a salt
to coagulate as a porous fibrous material, (2) which 1is
subseguently stretched in a plastic stretching bath
containing an agueous solution of an amide solvent, (3) 1is

rinsed with water and then subiected to a heat



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
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 70C; 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
St ffrom Q.02 to 0.50 MPa; and in_the step (4), the fibrous material
trae Lot 2 : (4), th .
ot oy ot e spabht & s <uening rauGor fom G t©
a 4i0ntimes undeeatgondition of from 250 to 400C. In the disclosed method,
as t%ami%e solvent, contained.in the polymer splution, gh coagulatjon
Iy 1 . o
bath'and the pals"ﬁg stretc m%;l ta?fﬁfj(le’t IS t%\1520m“ﬁr’rgéerl?d?'ed &%setég ngé? are

segplvarticontainingrane selectedtfromthedqgrodp ccansistingrof from a meta-

N-metrrg -2-pyrrolidone, dimethyacetamide and 10 dimethylformamide, or .
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prkinds o thetamideisolverds ased may betdiferentfyofeeacmotherin has a
every step, butiti referreg tc‘)\r use .a solvent of t(l;g same kind ghrou g%étnt
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WilLbe descriped in detail below. To.the polymer constituting the .
OLme]E[]éE)tI)T}pe%V'V OII%/O dltgo gy welght, a%d a temperature of the

coagulation bath is from 20 to 70°C; in the step (2}, the
plastic stretching bath has & composition in terms of
welght ratio of the amide solvent of from 20 toe 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 cof from 20 to 7OOC} in the step (3}, the fibrous
material i1s subjected to the heat treatment at a stretching
ratic of from 0.7 to 5.0 times in saturated steam of from
6.02 to 0.50 MPa; and in the step {(4), the fibrous material
is subjected to the dry heat treatment at a stretching
ratio of from 0.7 to 4.0 times under a condition of from
250 to 400°C.

In the disclosed method, as the amide solvent
contained in the polymer solution, the coagulation bath and
the piastic stretching bath, 1t 1s recommended to use a
sole solvent containing c¢ne selected from the group

consisting of N-methyl-2-pyrrolidone, dimethyacetamide and

10



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
providing substantially equimolar amounts of a carboxyl group and an
amino group are applied, and specifically, a meta-type wholly aromatic
polyamide containing a m-phenylenediamine isophthalamide skeleton as
dime hiajoricomporiet is craialydpplieds di therfibencontainings thec or more
meta-type wholly aromatic polyamide, a poly-m-phenylene
s e jsophttalantidefiberds particul iy préfetred dstthe filer dapplied tontire used
invention since it is often used as a heat resistant fiber and a flame
na Yetaflaft fiberinrd-hi§l ofenferatufe BffosphefV6Wing 6 te ekedllent 1s
mechanical characteristics. A meta-type wholly aromatic polyamide fiber
Pred §ERGAITC 14 FrodutetRrh & Spinting EBRitor Rrifee hPaikebhng &he
olymer in an amide solvent, and thus the solvent necessarily. remains in
St ORE Rb owt

iBEC T owkver, TR EEESary thaf e’ fieta-R/pe who R Arbitdtic

polyamide fiber of the invention has an amount of a solvent remaining in
the fiber is 1 .0% by weight or less based on the weight of the fiber, and

s Prefgrably fram %,%g%@%gaf weight, {pthe where the solvent

remains in the fiber in an amount exceeding 1.0% by weight based on

the weight of the. iker, 4t is,nof preferred singe the fiber suffers 4 i1 detaii
considerable yellowing or considerable deterioration in quality upon
be PERLESSIng or using in a high temperature

To the poiymer constituting the meta-type wholly
aromatic polyamide fiber according to the invention, those
obtained through pelycondensation of an aromatic dicarboxylic
acid, an aromatic diamine, an aromatic aminocarboxylic acid
and the like in a ratio providing substantially equimolar
amounts of a carboxyl group and an amino group are applied,
and specifically, a meta-type wholly aromatic polyamide
contalning a m—phenylenediamine isophthalamide skeleton as a
major component is mainly applied. In the fiber containing
the meta-type wholly aromatic 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 polyvamide fiber is generally



atmosphere. Furthermore, it is not preferred since an organic gas is 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 300C, and preferably from 0.1 to 2.0%. In
the case where the dry heat contraction rate exceeds 3.0%, it is not
prpleferred BSince a praduch sufferschangein diimension uponiusimglimang a
high temperature atmosphere exceeding 300C, which brings about such
polyproblém Biathe prodactis bfokendrtthiesniarttics, tNe fiber neeessarity v
has a breaking strength of 3.0 cN/dtex or more. In the case where the
I eThéARing 'stren§thfid RS than SWRER/itext ft islfot PRSTBFEaSihcen22 tHehe
resulting product is low in strength to fail to withstand_ use for the purpose

e TGt Hhe Brotitiet THe brIaking sHBngTor the fib&H< pretefabyroth 25 2

7.0 cN/dtex. Th t of a splvent remaining,in the fiber, t heat
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re values that are, measured in the following manners. ,2) moutrfl\liof
he. .
or gaﬁé’mgﬁesrﬁ%?n?r?g T Eiber ( eggﬁ?oF%?nl é"% 5@%%% S%Sﬁﬁ {o) “O™

0. hbeut 8.0:9 g the diber, collegled is dried.at 105G foy 12Q migutes and, . ;

then allowed t6 cool in a desiccator, and the weight of the fiber (MI) Is
in Weighedy Lhe fiperis subjected ovceeding 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 guality upon preocessing or using in a high temperature
atmosphere. Furthermore, it is not preferred since an organic
gas 1s liable to be generated upon processing or using in a
high temperature atmosphere or upon incineration to increase
envircnmental 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 case where the dry
heat contraction rate exceads 3.0%, it 1s not preferred since
a product suffers change in dimension upon using in a high
temperature atmosphere exceeding 300°C, which brings about
such a problem that the product is broken.

In the invention, the fiber necessarily has a breaking

strength of 3.0 ¢cN/dtex ormore. In the case where the breaking

strength is less than 3.0 cN/dtex, it is not preferred since

12



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 is 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 (%) is
Cheafafatbdifreony M dndtMRsadsording to-threrigiiowiy Expression N (9o 2nd

(Ml - M2)/M1 x 100 (B) Dry Heat Contraction Rate at 300C A load of 100
usg gHa %H@Wo?@,%@@d?é%@%ﬁ@tls marksCareddtit Tl postpngtn of

apart from each other by 30 cm. After removing the load, the tow is

Ehey|dotfih anPatiTSsphHEre A306E™or 18 mifutes afti 1Ak Bistance L (cm)

betw ré tge Cr)nuanr sg% megsij{f(ee(jzi g k}:e dry heat contr %tliongajt%e %t 3§ C igr
calcutated™fiom the vaitue'L accordinge i) %Jf%ﬁo@"vziln}eg%pregs jor. Dry® “tY

heat contractjon rate at 300C = (30 -.1.)/30 x 100_ (C) Breaking Strength of
e Ps I Febbifod Abéorting Kttt Heinad dicklssed T e 1 Gre Ag R

sthayingpeen dascribed, the meta-fype wholly aromafic polyamide fibet of

the invention has an amount of a solvent remaining in the fiber of 1.0% by
foy\@ci)gmrg]gal%@@ggqreferably in a range of from 0.01 to 0.8% by weight.
y

The dry heat contraction rate at 300C of the fiber is 3.0% or less, and
(apreferably from 6.kt0 2.006. Thebreaking strenath 8Fthgreight 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
weight of the fiber (M1} is weighed. The fiber is subjected
to reflux extraction in methanol for 1.5 hours with a Soxhlet
extractor to extract the amide compound solvent contained in
the fipber, and the fiber having bheen extracted and taken out
is dried at 150°C 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 (%) is calculated

from M1l and M2 according to the following expression.

N {%) = (M1 - M2)/M1 x 100
(B) Dry Heat Contraction Rate at 300°C

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

13



fiber is 3.0 cN/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 10.0
dtex. A meta-type wholly aromatic polyamide fiber that has these
characteristics has not been known but can be produced by devising the
production method and the conditions. 14 A solution of the meta-type
maWholy arpmatic: polyanmiden gensralty tomtagsdiydiogen chidddenn a Aigher
concentration, and thus it is neutralized with an alkali, such as calcium
rerydioxidé hsodivatihydioxidesodium sadsdniatezor hytrogenearberiate) 0°C
and the like, whereby a polymer solution having been completed in
LoYeahctiBr BRE Tavirfg d favsrables polyirerization) dégredesid high dHerfigal s
stability can be obtained as a solution of the meta-type wholly aromatic

me ?}%Wﬁde 5@9@@7 F&%ﬁ%ﬁ@& ﬁéﬁprﬁﬁﬁ%rﬂ?i@é’@ﬁgviﬁg Favorabre-ed
mechanical characteristics igom the meta-type vxholl‘ aromatic oliamide
cd%r]o a%i%

EEQBIuittR i e aventiGi ot iSifthortant t6° re'polymérization”" -

degree. In particular, for obtaining a fiber having good performance from
a poly-m-phenylene isophthalamide polymer, a polymer having an

intrinﬁilg v%}sgg%it% %‘é%ggt%i%eg frrgrtr]ea c_\;f/gll,@grgﬁ smgreg% gta tp@g/ég r r}n 00

concent¥a ion of in concentraté uric acid a of f<ro
0.8 to 4.0, particularly from 1.0 to 3.0, and

(C) Breaking Strength of Fiber

It is measured according to the method disclosed in JIS
L1015,

Az having been described, the meta-type wholly aromatic
polyamide fiber of the invention has an amount of a sclvent
remaining in the fiber of 1.0% by weight or less, and preferably
in a range c¢f 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 cN/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 10.0 dtex.

A meta~type wholly aromatic polyamide fiber that has
these characteristics has not been known but can be produced

by devising the production method and the conditions.
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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 thereof and the uses of the fiber, and
thus the polymerization degree is controlled by a known method in the
polymerization step depending on necessity. As a means for controlling
the polymerization degree, for example, the 15 polymerization degree can
be contratled byarsing ahlfendrddraninatiryg agent (suclrasanilinepan vamide
alkylaniline, such as toluidine and the like, benzoic chloride and the like).
JeThecohtertration of the pohgnsr i thergolimer solbtiah Frihedmisritionon,
is from 10 to 30, and preferably from 15 to 20, in terms of part by weight
angder 16 pafts by Waghtin totat bfAE poRinet ahdlthe ahigB seivefit L ciun
(The concentration is referred to as "PN concentration” in the invention.

hYFRETHIE by weightathe dHERTHHEPN conBBAtEfion isGhiedd th theC

ase where the PN concentration js |ess than 10, the polymer solution is,
e ATy Socbtoih ol ror bR HGh 2o LG TaBi o

na {18180 00Lonly the, perfamianee of the fiver is deteriorated butalso s
economically untavorable since the recycie ratio of the amide “solventis

poingreased.due to tasmgogaeaﬂtrﬁﬁggf T@ﬁre%nifcgﬁchs%%ﬂﬁgﬁ%%}b%e

transparency of the molded article (fiber) is improved wit er PN

opEaneemiration, butdp the scase wherg the RN.conceplration exceeds 30t ;
IS not suitable since such a problem occurs that the polymerization
pol8aGlidRe polymer.

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 cbtaining 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
concentration of 0.5 ¢g/100 mL in concentrated sulfuric acid
at 30°C of from C.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 thereof and the uses of the fiber, and thus the
polymerization degree i1s controlled by a known method in the

polymerizaticn step depending on necessity. As a means for

controlling the polymerization degree, for example, the
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and the neutralization reaction cannot be carried out steadily since the
polymer 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 is dispersed
in a suitable amount (for example, an amount providing finally a PN
po kpnesntiatiorrof |e5sthan 30psf Remethylpyrisitlohe, and the resulting.d
slurry is added, whereby the concentration of the polymer (PN
Legphiéntratibm T B besdbrtralfe B and Sifultdfesudly e hédidlizatiopk: 25
reaction can be facilitated. The polymer solution used as a spinnin
Co ohiibhGn #E ihPéntiohContRIRE TRe meta-typetwRo dromigtict 1<e ) -

polyamide and aq:amide sol\\/‘ﬁen and also contains a salt, and the

solution® iay flither tohtAinatdls Thie wWhfet afd'Saft B nEcessitty: t+on

i fotmed in e solution pelvmerization. and they may be futher added ¢
epending on necessity 1 the case whe're e polymer” &olution s

20 Proquced:by %gggﬁ%%@&w EPAriNgRrQCess. %g%@fghwaﬁ{ may, |

be externally ad The salt is not "limited, and examples théreof include

of amiporganic saltfor example; ahalggenide of anralkali metal, such asy, i 5

sodium chloride, sodium iodide, lithium chloride and the like, a

re hajogenide, asarbanate, achydraxideand theike of.ar glkaline earth part
metal, such as calcium chloride, calcium carbonate, calcium hydroxide,
by magnegstumchtoride:and thie kikestendrtheconcentration is omitted.)
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 with a higher PN concentration, but in the
case where the PN concentration exceeds 30, it is not suitable
since such a problem occurs that the polymerization reaction
and the neutralization reaction cannot be carried out steadily
since the peolymer 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



like. While the concentration thereof may be any concentration within
such a range in that the polymer solution can be present stably, it is
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 5.0 to 50% by weight. In the case where the
_concentration of the salt is less than 2.5% by weight, the stability of the
15 ﬁéﬁﬁﬁ@r@tﬂ@tidﬂs fovietedaipon i8Iy at al bW tefiritife #durfdiovnt
room temperature to bring about tendency of gelation, In the case where

Pr e bheentratidn of trie salt eXCEEEE 665" b Wwelht, if & hot preterred  ©F
[ tability of t I lution is i ired due to th It
T OpoAN54 e, SOLUGHTNE ConEEof bt i 16 pether sciaiGHA=c
itabl 9 ight f 0.10 16%by
e Aoy Sriins ol Wit b1 (8 SHADN T he bl aira o

carPORENt Ol Waten isdao large, therg.are some cases her the stapility of o,

the polymer solution is deteriorated, and the spinnability is considerably

refeterigrated-due.to- deposition amd gelation of the polymer. In the solution
polymerization, after completing the polymerization reaction, a

neutrgdizing-agei is added 1o the skesulting pohmerization.seldtiomfam the

neutralization. As the neutralizing agent, at least one of calcium oxide,
ineatciumn hydnoxdde andhealciam-caybenate (hydragencarbonaté)yismide and

suitably used. HClby-produced in the polymerization reaction
an amide solvent and also contains a salt, and the solution
may further contain water. The water and salf 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 halcgenide o¢f an alkall metal, such as scdium
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 is 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
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is neutralized through the neutralization reaction to form calcium chloride

(CaCl2) necessarily. The amount of HCI by-produced in the

polymerization reaction varies depending on the chemical structure of the

polymer and the average 18 molecular weight of the minimum unit

thereof, and in the case where HC1 by-produced in the polymerization

reaction, for example, of poly-m-phenylene isophthalamide is neutralized
freg 206% WiftPthe Bfofetientioned coffpbiid: #6 84D afts Bywerght Gt on

CaCl2 is formed per 100 parts by weight of the polymer. CaCl2 thus

Of el oUh fET o RO ToRaER 1o AN TS L AR et BofGRe

nd exerts. function of improving,the stabijlity of the polymer solution (see
2o S BE 1861571 But a2y~ 1t R Boen AR f oAy Butwab=" 3 ture

youtw

spinping from the polymer salutign due to a large amount of CaCl2 .
Ik : ‘Qﬁ Q s A%&1ation.
e Tt e S URT OF Wtk o i Toriea ?Hﬁ’o%g% the 00

rn NEYralization geagtion apd Is present dissglyed in the, salytion.varies;s 6o
depending on the kind of the neutralizing agent, and 15.13 parts by

by Weight:of water is formed perdO0malts by Weight:of the-RelYMer Upes the
neutralizing with calcium hydroxide. On the other hand, 7.56 parts by

po Weight efovater issformediper: 4108 prits by weight of theipglymerapom the

neutralizing with calcium oxide or calcium carbonate. The neutralizing
soagenbis added in the form of an aqueous solution or slurry containing

water and a solvent, and water thus formed and added is also present

dissoliesl irpthespotymersdletionpbtubthesiapilgy solution is suitably
from 0 to 20% by weight, and more preferably from 0 to 16% by
welght, based on the total weight ¢f the solution. In the case
where the content of water is toc large, there are some cases
where the stability of the polymer sclution is deteriorated,
and the spinnability 1s considerably deteriorated due to
deposition and gelation of the polymer.

In the solution polymerization, after completing the
polymerization reacticon, a neutralizing agent is added to the
resulting polymerization sclution for neutralization. As the
neutralizing agent, at least one of calcium oxide, calcium
hydroxide and calcium carbonate {(hydrogencarbonate} 1is
suitably used. HCL by-produced inthe polymerization reaction
is neutralized through the neutralization reaction to form
calcium chloride (CaCl;} necessarily. The amcunt of EHECIL

by-produced in the polymerization reaction varies depending

on the chemical structure of the polymer and the average

18



of the solution and the characteristics of the composition after
neutralization are substantially not impaired with the aforementioned
amount thereof. There are cases where 19 favorable characteristics, such
as decrease in viscosity and the like, may rather occur with water
contained. However, a too large amount of water is not preferred since
the stability of the solution is considerably lowered (gelled) Accordingly,
MO tRe $hREbIEAEBENPSf Wareradded h tHelfedtralizafidn rFeuetibh varfesase
depending on the concentration of the polymer. The stability region of the
wWhegiutioh is REMRT RF8G0Date by ReRfht 8Fwaler et 100 3]5%%9%/3\7\3eigﬁ r
of the polymer. For gx%;n le, the case where PN concentration = 20 is

X Bstantaly e’ SAmR K theChse Wherd PREBHCeRtratio 4 16 anged t©

hus the stability.region is.about from 15 to 60 parts by weight per 100,
Lo e s By The SUABY tegian s froh 160 05 Barg”®

ot BLUEION GLAIEKRE 08 pats by wolGht, e RADRLIONEN,  cocs.

concentration = 25,’and Is from 1 y weight of water per 1

cmpars by weight ol ithe nelymer ferRN concentraion =30, The1anges, the

exemplified above are approximate values upon allowing the polymer

oo SelHion tostand ahfrom.60 te.70G; andthe stability segiongomewhat the

varies depending on conditions including the polymerization degree of the
stdelymery ther tempetaturgdor stasing:y-allovdrg taystand sim-amoease, but

the allowable concentration range of water remaining dissolved in the
corpohymer, solutionsisdimrited associated witlvimereaseit wet spinning from
the polymer solution due to a large amount of CaCl, dissclved
therein.

The amount o¢f 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 15.132 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 weigh{: of water is formed per
100 parts by weight of the polymer upon neutralizing with
calcium oxide or calcium carbonate. The neutralizing agent
1s added in the form of an agueous solution or slurry containing
water and a solvent, and water thus formed and added is also
present dissclved in the polymer solution, but the stability
of the scolution and the characteristics of the composition

after neutralization are substantially not impaired with the

aforementioned amount thereof. There are casesgs where
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in polymer concentration, and upon practicing the invention, it is preferred
for preventing gelation of the solution that 20 the suitable amount is
determined in advance by experiments or the like with a concentration of
water of 8% by weight or less in the total polymer solution given as a
standard. According to the invention, in wet spinning, a meta-type aramid
fiber that is excellent in mechanical characteristics and heat resistance

Fagahare sticiently Prédicddiwith gboa™ pPedE&vity byea hovalspiRfihgy 2nd
rocess and a subsequent yarn-making process including porous

th b hfatichahd TOSE HenSAIALEH, Whith Hete BRI dtEerdi 468G °

o impé)Esible in metta-t%/pe atramid. In tt%e c_on¥ention I techniqgg, as h%/irlgifw
een deséribet , since it s difficult to form a‘%fﬁ%‘?@fﬁ,@fﬁ §Epinn|en§’ foma

of 'E&%aété{ﬁ?%%%@%’%’ Solutign. containing,c “ei‘fﬂ'i‘e%‘)").”d%cf%@ﬁ%é%ly,

an equimolar amount as the amide residual group upon synthesizing

thSolution palymetization, dryspinning and jsemizdry and semi;wet spinging,,

have been employed as a method for spinning the solution. For

re WeESPNRIRG BE sldtion; it hasbesp becessAR. el Khany €3s80 1 ymer .
solution polymerization or interface polymerization, a chloride (such as

Th&aGRpNaCty NR4C L andthedike} farmed-throug it newtralizatiornoiHEd -t s
by-produced is decreased by any means to 70% by weight or less, and
by preferably,2086 by weghtiordess, o piepare aoteduced:-saltppalymer . For
solution. However, the means for removal of a chloride often involves
exdndustrialdifficdtieswvRerexampleningheération = 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 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 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 region 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 solution i1s 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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case where a polymer is synthesized by interface 21 polymerization,
separate recovering devices are necessarily provided for recovering a
polymerization solvent and a spinning solvent, which are different from
each other, and even in the case where a polymer synthesized by
solution polymerization is spun with the same solvent as the polymer

solution, there are necessarily difficult process steps, for example, an
thEinéﬁbhﬁﬁ?étﬂoﬁﬂ‘é?wtprbau@@&ﬂﬁ%@ﬁ%é‘tﬁrﬂ%ﬁ&?% ?é)’n&?%belﬁ%ments
pressure filtration (the operation of which involves considerable mdustrlal
or dﬁﬁ%ui]tﬂejé@d%lt%hh@hﬁ%%ﬁwéfﬁé%ragnl’?ﬂa&%l@ef i§ fefmoVBE By T ©

th we ter to the pol lution, followed b
LG e AeEa e ST pohher s i Actoringy e

meﬂ}QQS&I {1{1 g;rgf%rirled smgI éh%lnv ve d|ff| éqhherg prer%m@a

energy cost and” environment J[Iutlon nthem he |nvent|on

arIPWEVENLEYeR by using e%89H'&‘fﬂa&r?%@%}?&niad%'ﬂgc%%f@éﬁéﬁ}'%%'cs

a meta-type aramid fiber excellent in gloss, mechanical characteristics,

andiegbiesistancesand the likecapbe.produced by @ WalSpIRRg JMethodoq

in which the solution is directly spun through a spinning die into a

pr&@agulation pathiyhaving.aparticulain comppesition: eantaimingsubstantiallyn t
no salt, which has been considered as being difficult. According to the

vainvention:n welrspirriag as thel sigpn(l), pceaguationdeath biahon and
agueous solution of an amide

post-densification, which have been considered as being
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 soclution containing calcium chloride
formed in an equimclar amount as the amide residual group upon
synthesizing by solution polymerization, dry spinning and
seml-dry and semi-wet spinning have been employed as a method
for spinning the solution. For wet—spinning the solution, it
has been necessary that in any case of solution polymerization
or interface polymerization, a chleoride (such as CaCl;, NaCl,
NH.C1 and the like) formed through neutralization of HCIL
by~produced is decreased by any means to 70% by weight or less,
and preferably 20% by weight or less, to prepare a reduced~salt
polymer solution. However, themeans for removal of a chloride

often involves industrial difficulties. For example, in the

case where a polymer 1s synthesized by interface
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22 solvent having a significantly simple composition is used, and a

polymer solution is coagulated by using the same as a homogeneous

porous fibrous material (filament). More specifically, the polymer solution

is controlled to have a temperature corresponding to the temperature of

the coagulation bath, preferably within a range of from 20 to 70C, and

then ejected through a spinning die into the coagulation bath having the
PO LgiHosiion &t tetipératinre déscnbed tatdr 36 omTa forbul fibroua r H 1Y

matgriﬁl (fi%amen;;) . The porous fibrous material is then taketh outtfrom tge
pr%%%lgﬁ ationot%:ath*; “and in th%%te% (25)’0 t mpeoch‘ﬁ)ﬁsa ibfous Matenal s 7% @
sp SRiscied tanlastic,siretghing.aka siretehing al, of preferabli from. 2.9, ,

10 times In an aqueous solution of an amide solvent. The “porous fibrous

1n Matepal isthen fugtherrinsed ywith water apdiorwarm watenand is onee; .,

subjected to a heat treatment 'in a’saturated steam atmosphere in the

poBleRB)-and then it isubiected ta-gdry higat tgatment al a temperatine -«
in a range of from 250 to 400C in the step (4) to provide a meta-type

so Rramishfibenas a final predudsZhe steps @ i@ 1E) s )witkke s, for

described in detail below. Step (1): Wet Spinning In the invention, for
ex atiaining demsificationeapabte of gtovidingaa fiberexiibiing safficientrough

properties in the subsequent step, it is particularly important to uniformize
newsmalclr as possiblestherstractare ofthe poress fibrusimateriat 231 {the
operation of which involves considerable industrial
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 peolymer,
and the like. Accordingly, themethods are not preferred since
they involve difficulties in operation, energy cost and
environmental pollution.

In the method of the invention, however, even by using
an equimolar CaCl;-containing polymer solutiocn, 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 coagulation bath having a particular
composition containing substantially no salt, which has been
considered as being difficult.

According to the invention, in wet spinning as the step

(1), a coagulaticon bath of an aquecus solution of an amide
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formed in the coagulation step of the wet spinning process. There is a
close relationship between the porous structure and the conditions of the
coagulation bath, and the selection of the composition and the
temperature condition of the coagulation bath are significantly important.
The coagulation bath used in the invention is constituted by an aqueous
solution formed substantially of two components, i.e., an amide solvent

SO G watet” iithé corpositdit B thé ToRguRLoH AR tan Gnidd Yofkent 274
that dissolves eta-type wholly aromatic polyamide and.is well miscible
R WBter, S h paricutar NSIGIES by OlGoNe, thmeltylaceiamide,
ho <5m%‘%K‘%g%m"".ﬁc';dreoﬁ’é"‘.e‘é‘%%@'&??zo"%'Q%% /1 the%lﬁé%s{neef%‘?f?rab'more

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

spSomeEwha yﬁrie%ﬁspﬁeqi o the copditions of the polymer Solllion, ve 4

and in general, the ratio of the amide solvent is preferably from 40 to 60%

reyaveight-dndep the-conditiombelowtherange, cangiderahly large voids e

are tend to form in the coagulated fiber, which are liable to cause thread

co DEgakage-inthe subsequentstep, andonthe cantrary andenthe o 7o°c,

condition exceeding the range, coagulation is difficult to proceed, which
andringsrabols fusion wdf the: fibees. Sthiertenperatuce ofi the chagulation bathion

has close relationship to the composition of the coagulation solution, and
baimgenerahca high teonperature is\preferréd sinee a/oids: 2d<nadthe fereh dbter

coarse bubbles, which are referred to as fingers,
to form a porous fibrous material (filament). The porous
fibrous material is then taken out from tThe ccagulation bath,
and in the step (2), the porous fibrous material 1s subjected
to plastic stretching at a stretching ratio of preferably from
2 to 10 times in an aqueous soluticon of an amide solvent. The
porous fibrous material is then further rinsed with water
and/cor 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) te provide a meta-type
aramid fiber as a final product. The steps (1), (2), (3) and
(4) will be described in detail below.
Step (1): Wet Spinning

In the invention, for attaining densification capable

of providing a fiber exhibiting sufficient properties in the

subsequent step, it 1s particularly important to uniformize

as much as possible the structure of the porous fibrousmaterial
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are hard to form in the fiber produced. However, in the case where the
concentration of the coagulation solution is relatively large, fusion of the
fibers vigorously occurs at a too high temperature, and thus the
temperature range of the coagulation bath is preferably from 20 to 70C,
and more preferably from 25 to 60C. The coagulation solution is

preferably Eonstituted substantially only by an amide solvent and water,
Fobfiesints &hfhorgafic Salt. Stict? AsRalcturh ehiotide, Taldiim Hydreade s -

and the like, is extracted from Ii}h,e polymer solution, the salt may be

Thabfudlly Eontaingdin the toAGMaRoR SRR, Fie Rtefdtfed cructure and
trati f the i i in industrial tice is in a ran of

08 o TO% by e B d TR COAJATEN Soiors Hor niaihg”

+nihe gancentration of tﬁ%dm&qﬁé"c saltfo.less than Oéo%ﬁqwsyhtbt@e the
recovering cost for purifying the coagulation solution in the recovering

coRIRLESE Necomesngpproprigielyincreased. kwwhere the

concentration of the inorganic salt exceeds 10% by weight, on the other

handyit is 104 praferred;singefusion.of fibers immediately alter giection teq
from the spinning die before becoming porous is liable to occur due to the

by lay sqagulatonorate iand thegeagulationequipment necessatiuponents,
becomes large due to the prolonged coagulation time. The immersion

i.d¢ime afthefibteus oiaterial Hitamenat) <25 in the coagulation bathiisn of the

preferably from 1.5 to 30 seconds. In the case where the immersion time
coiglless thamlim:sbeondsamide solvent that dissolves a meta-type
wholly aromatic polyamide and is well miscible with water, and
in particular, N-methyl-Z2-pyrreolidone, dimethylacetamide,
dimethylformamide, dimethyimidazcolidinone and the like are
preferably used.

The cptimum 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 1s
preferably from 40 to 60% by weight. Under the conditionbelow
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 tTemperature of the cocagulation bath has close

relationship tco the composition of the coagulation solution,

and in general, a high temperature is preferred since voids
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the fibrous material is insufficiently formed to cause thread breakage. In
the case where the immersion time exceeds 30 seconds, it is not
preferred since the productivity is poor. The porous fibrous material thus
obtained preferably has a density as high as possible to smoothly carry
out subsequent densification. The density (g/cm3) in this stage is
. preferably 0.3 or more, and more preferably 0. 5 or more. In the case
In\whErd Ahe aénshy iSRS than 53, 1tid etfietR tefensity theofibtousnaers,
material in the subsequent stretching and heat treatment step due to the
AT Righ porosity” THE fiderdénsity® Banbecalcidted foiitha thickhess @ se

whE}hreefingﬂess of Itlhe tr%rea .measurFed aﬁcordin%to ASTM D2130, The .
porous sfructtire ‘of the fibrots material thus® éjélujtgtféﬁc?gch%?&&*éﬁ?@d 5

ing ¢ iderably . homogeneous fi ores formed therein, The
re?¥pﬁ\/%§¥ q_%% <, .%’us? n%f‘ igbe gﬂ%fpgggut\?%&@]%Oél%é bHoctrs at

pore si hereof 1S in a submicron order o m as

= fReasured witha scanning rg&qaompse'@f@g@s&g@ﬁ%&%‘&%ggrgf the

having a size of several micrometers, which is referred to as a void or a

colB98T: OWINg fo.the copsiderably dense and homegeneoysdinely poroys,

structure, thread breakage is preventéd from occurring upon stretching,

93:@@@9@@3@@0@;}% ang exhibjten of fiber properties are enabled upon final
heat setting. It is known that the homogeneous and fine porous 26

structrire is formed. thraugh spinadal decoraposition @ssbdigtedowith i tuted

coagulation. Upon ejecting the polymer solution into the coagulation
substantially only by an amide solvent and water, but since
an inorganic salt, such as calcium chleoride, calcium hydroxide
and the like, is extracted from the polymer solution, the salt
may be actually contained in the cocagulation sclution. The
preferred concentration ¢f the inorganic salt in industrial
practice is in a range of from 0.3 to 10% by weight based on
the coagulation scolution. For making the concentration of the
inorganic salt to less than 0.3% by weight, the recovering cost
for purifying the cocagulation solution in the recovering
process beccmes lnappropriately increased. In the case where
the concentration of the inorganic salt exceeds 19% 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 due to the low coagulation
rate, and the coagulation equipment necessarily becomes large

due to the prolonged coagulation time.

The immersion time of the fibrous material (filament)
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bath, a multi-hole spinning die may be used. The number of holes may be
50, 000 or less, and preferably from 300 to 30, 000. The porous fibrous
material ejected from a spinning die having about 300 to 30,000 holes
and coagulated in the coagulation bath is generally bundled into one fiber
bundle (tow), which is then set to the subsequent steps. Step (2): Plastic
Stretching The fiber bundle containing the porous fibrous materia

I G P B e TN G Bet R oA Tt £ b econds

tretching bath containing an agueous solution of an ide solvent, and
T R Ha T TS bathy T e Shetoris bath frihe iUBnton Soaies”

tndTEARITRS Rolten alcif a1l %ié"SfSPi‘é-]eaé“ Oﬁg%goﬁé@ﬂéé%bét%%%'@ El%read

salt. As the amide Solvent, one capa lling a meta-type aram

pr&adheing well miscible.with ywater.can.be prgierablyysed; Rreferred. 5 39

examples of the amide solvent include N-methyl-2-pyrrolidone,

sediethylacetamide,+ dimethylfounamide, dimgthyipidazolidinene and the, |

like. A solvent of the same kind as used in the coagulation bath is
particeiay |y preferablyriseddndusyially ] Accardinghs the aprde selvents has
used in the polymer solution, the coagulation bath and the plastic
a cstretchingaaathiare prefecaldy tHessamenvokind yand arsplesolvebtserqaent
mixed solvent containing two or more selected from
desmethyl2ipyrrolidaree deinsthylacetamidel anddimethstforimamide arsably
preferably used. By using the amide solvents of the same kind, the
a. Ee@ﬁ\;écﬁﬁg ,St@@g @@qﬁt@q@f@;ably 0.5 ormere. Inthe case where

the density is less than 0.3, it is difficult to densify the
fibrous material in the subseqguent 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 ccnsiderably
homogeneocus 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 void or a finger. Owing fto the considerably dense and
homogenecous finely porous structure, thread breakage is
prevented from occurring upon stretching, and densification
and exhibition of fiber properties are enabled upon final heat

setting. It is known that the homogenecus and fine porous
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and simplified, which is economically useful. There is a close relationship

between the temperature and the composition of the plastic stretching

bath, and it is preferably used when the weight concentration of the

amide solvent is from 20 to 70% by weight, and the temperature is from

20 to 70C. In the region lower than the ranges, plasticization of the

fibrous material does not sufficiently proceed to fail to attajn a sufficient
ki Tt GBS, BTASEE SedPAg, Ad R TRg o igher far "=
w3 f@nges @fasc%rgaﬁ:e of the fiber is melted and fused to fail to attain

avoraél% spinning. In the invention, the ratio of plastic stretching is

generalfion. L 810, 10imes, anl preforaly f10m 2410 6 et Aot son

stretching ra than 1.5 times is not preferred since the resufting

nafiQer s pearinmechanical characteristics, including.steengtty, glastitner o

modulus and the like. By stretching the fiber to a high ratio in the plastic

ho BUEtEhing, sStep, theostiength;andthe elasticmodulusetihesfiberarec, coo.
improved to exhibit good properties, and simultaneously, the fine pores in
Théhedtbetr areicollapsedbyssireichingdor taciltatenfaverablenprogress ofaving
densification by the 28 subsequent heat treatment. Accordingly, the
abstretching tatic Gs peferablyehighed Howeudra instheicasehwheresttre iflbet on
is stretched to a high stretching ratio exceeding 10 times, it is not
baprefetratbsince the dondition df the processtmiay beo deterpratento,calisiech

fuzz and thread breakage frequently.
is then set te the subsequent 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 aqueous solution of an
amide solvent, and stretched in the bath. The plastic
stretching bath in the invention contains an agueocus sclution
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-pyrrolidcne, dimethyvlacetamide,
dimethylformamide, dimethyvimidazolidinone and the like. A
solvent of the same kind as used in the ccagulation 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
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Step (3): Rinsing and Saturated Steam Treatment The fiber having been
subjected to the step of the plastic stretching bath is then rinsed with cold
water generally at 30C or less, and subsequently, after rinsing with warm
water 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

% iflereaRedin SHentafidr Whlie® Suppfestity B stafiatin Thetheag two or
treatment in aturated steam atmosphere can heat-treat uniformly to |
ROt BT S Hbor B5 wag%a%ﬁfa@ t6'8 Y Fedt tredtmant tamide
N greebé/haT mogenous fiber can l%e ob%a]jned. F%rtheémore,. surprising| g
the fiber sﬁrﬁa%e IS ot ceryas&ﬁlﬁgg & form %ggﬁin‘layeyblf/stﬁre}%a urated °©
r t, r e vent ning i filamen
e ber Bundle San e e Sy SermIely o i THnGe
an®f e fiber fhroughyapid diffusion.Aceording fo the mechanism, the
remaining solvent amount in the product fiber can be lowered to 1.0% by

weighterless sard ever whearthe rgsuting fiber s subjestediaabeal ure
treatment and working, it does not suffer 29 fusion or coloration to

andunpsess e guality frant beirg pdeteriorated rAecordingly: 4he jnventian: is
provides a novel meta-type wholly aromatic polyamide that is excellent in

prdighr dempevatare heatresistanceiagcompared:ita the comvenfionak amide
products. However, in the case where the saturated steam pressure is

so lessithahs0.02MP4 (n tidis sfep hiviswot phéferredd 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, and preferably from 2 to 6 times.
A stretching ratic of 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 ratio in the plastic stretching
step, the strength and the elastic modulus of the fiber are
improved to exhibit good properties, and simultanecusly, the
fine pores in the fiber are collapsed by stretching to

facilitate favorable progress of densification by the
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since no sufficient effect of steam treatment can be obtained to provide
less effect of decreasing the remaining solvent amount. In the case where
the saturated steam pressure exceeds 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 Th stretc%raﬂo in.the satyrated steam treatment .has a

SURSSSEetandgh ttge firi of H1E St d}ﬁ the "fib&r, ahd A Jeherar -©
. f ff 0. 7 to 5 ti
s L o ST Tr A 15D G e s Evo Tiaya oo

ore prefe Iy |n range of maybe

i arbiprarily, selected in capsideration of the gefeeedgg%%%%gs Phine. e s,

product. In the case where the stretching ratio is le an 0.7times, itis

it nat prsfersed sincedhebundlingipropetty of he f@ereye%%gae@emap be

the saturated steam atmosphere is deteriorated. In the case where the

de 1sretehing ratio- exegeds 5 times, itisi netpreferred-singe faread dyaakage; .
upon stretching is increased, and fuzz and thread breakage in the

St {ar0GeESS:octLs ey statchmgtiatie treterredeheremrs a3hexpressed by the
ratio of the fiber length after the treatment with respect to the fiber length
beforgthe treatment, iandder exarhglecasttetching:ratie of & % time Lastic
means that the fiber is confinedly contracted to 70% of the original length

st g g Saturatdd steant reatrmémtsstep waridil ddimes ateansahaethel fivee t
is treated by stretching by 10%. The period of time of the saturated steam

30%eatmentsis, and subseguently, 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 C.02 to 0.50 MPa. In the saturated steanm
treatment, the fiber can be increased in orientation while
suppressing crystallization. The heat treatment 1in a
saturated steam atmosphere can heat-treat uniformly to the
interior of the fiber bundle as compared te a dry heat treatment,
whereby a hcmogenous fiber can be obtained. Furthermore,

surprisingly, the fiber surface is not crystallized to 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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generally preferable from 0.5 to 5.0 seconds. In the case where the

running fiber bundle is continuously 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
u 1991 Treatment Ihe fiber bundie having been subiscted tp the-sayirated,

5t6am treatment is then subjectea}%)a dsry hea}&?re%men , duch” 88 dry d

ing o li in etam eat r.ar_the like,

o Emcratire o1 T 80 15 AODC. e ey S1ateraby rows 300 15 7"

me tg%ggyﬂ% the case where.the dry, heatfieptment temperaire is jass thap o

it is not suitable since the porous fiber cannot be sufficiently

+erfiensifieganddhe resulting fiberhasinsyffisient mechanicalconventional

characteristics. In the case where the dry heat treatment temperature is a
prdugltemperadireexeeeding 400C it isshathpreferragbsinea-the-sustace ©f amn
the fiber is thermally 31 deteriorated, and the fiber has poor quality due to
precoforations The sttétehing ratisl ruthe: drig heat trgatment Basatclaseferred
relationship to exhibition of the strength of the fiber, and in general, the
s irgtretobingrBfiodd prefeediiy st df acvrange  bfrfrermG: 7 tocktintes, @nda ined
more preferably in a range of from 1.5 to 3 times, while the ratio may be
to grbitratifeselecad sihfconsidetatitirafihe HethaHeedistreniii bothedikeent

of the product fiber. In the case where the stretching ratio is less
amount. In the case where the saturated steam pressure exceeads

0.5MPa, 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 ratic 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 ratiomaybe 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 b times, 1t is not preferred since thread breakage upon
stretching i1s increased, and fuzz and thread breakage in the

process occur. The stretching ratio referred herein is
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than 0.7 time, it is 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 is 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

th ti the fiber length after th t t wit t ta the fib
SNt BEICHS I rSImEri as ST 1o hAr BSGAHBA fo (i SEh B 2o

; f , t ' ' 7 1i that the fi [
G Gontasiad 100 bt e Gl g I the ReaF sAnmaR *o"

ex Sigp: and_1.0.times means, a heat E%awwtﬂm%&&%g%@@gm he per

period of time of the dry heat treatment is generally preferably from 1.0 to

is 4513%?@91@9@-1 edreatingitivae canbe, ‘EPI“E@U@%‘Q’E'&I%%EUQ@H%§HG§H @fhe
the fiber bundle and the contact length thereof with a heat plate, a heat

satolles of the 3 like.r Advantagestafghe dnvention themetadype aramid the
fiber according to the invention is good in stretching property, does not

filadergo thread: deakagerand totination of fuzz.in the stretching in the

plastic stretching bath, the saturated steam treatment and the dry

treatrfient, medithds cantbestretthedesmatthhatosal high=tatalt stretchingt 1s

ratio. In the invention, the solution polymerization, the
generally preferable from 0.5 to 5.0 seconds. In the case
where the running fiber bundle is continuously treated, the
treating time 1s 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, 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 te 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
suitable since the porous fiber cannct be sufficiently
densified, and the resulting fiber has insufficient mechanical
characteristics. In the case where the dry heat treatment

temperature is a high temperature exceeding 400°C, it is not

preferred since the surface of the fiber 1s thermally
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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

deédg%ﬁ&%q%&d may be Justher sybiegtsd fo.a, ta%bjlmg ”gan gratlon

epending on necessity, being cutinto a's eng then

fed tofheg %E‘%%%&‘fﬂ%ﬁ%@%dr}ﬁ%% ¢Ases, dhe flber Meﬂ% ‘P{QQ”EQ GPose

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

re1544erAg l??ﬁpf%o@%%s?@i%ﬁt@@ afithe @%&@Hdcﬁ@%@@ supRressed.q
from suffering generation of a harmful gas or an organic gas even under

in Rresessing anckuse eanditions of a: particllamsFighipmpesratirenafndrange
thus the fiber is useful 33 particularly as a material, for example, for

of firefighter 7clothes theatgesistantworking <fothes; afiter forrahigh of from
temperature gas, and the like. EXAMPLES The invention will be

1. deseribed imawore detaikwith ereferencerte examplescand eomparatayeected
examples below. However, the examples and comparative examples are

in gy forsssistingneorhptélsensivaof sk Fveation; butthéiseopelof the the
invention is not limited by the descriptions thereof. The "parts” and in the

PrEKafiples2reé all Based 8nanéhtimiess Bihetivie-ching ratio is less

than 0.7 time, it 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 is not preferred since thread breakage upon
stretching is increased, and fuzz and thread breakage in the
process ©cccur. The stretching ratio referred herein is
expressed 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 ratio of 0.7 time means that the fiber is confinedly
contracted to 70% of the original length in the heat treatment
step, and 1.0 times means a heat treatment with a constant
length.

The pericd of time of the dry heat treatment is generally
preferably from 1.0 to 45 seconds. The treating time can be
controlled with the running speed of the fiber bundle and the

contact length thereof with a heat plate, a heat roller or the
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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 (1.V.) The
aromatic polyamide polymer was isolated from the polymer solution and
then dried, and it was measured in concentrated sulfuric acid at a

1 ; jpolymer concentration of 0.5 g/100 mL at 30C. (2) PN Concentration The
weight percentage of the polymer based on the total part by weight of the

naPomMeLsolution used for spinning (spinning solution), i.e., the PN

concentration, was obtained by the following expression. 34 PN

concentration (0} s{polymerA(@olymer+ selvenish AtNars)}pe00 3kntion
Amount of Solvent remaining in Fiber (Weight of Amide Compound

is Sehvent) (%) Abott 8i0g obthediber gpllegteskwas-driechal JOSE foiread
120 minutes and then allowed to cool in a desiccator, and the weight of

brdhé& fiber {Ml) Wasweeighedo Thafibel was subjectediia ref ix extraclias i ¢
methanol for 1.5 hours with a Soxhlet extractor to extract the amide

st xompound sohent dortained urr tHeefiber| and therfilsdrtmvinggbeerihe dry
extracted and taken out was dried at 150C for 60 minutes under vacuum

Cremempeh albWed-cosldn aesiceatorfolowed Bihweighing high total

stretching ratio.

In the invention, the soluticn polymerization, the
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 thus produced may be further
subjected to a crimping treatment depending on necessity,
being cut into a suitable fiber length, and then fed to the
subseqguent steps. In some cases, the fiber may be wound as
a multi-filament varn.

The fibesr of the inventicon can be suppressed from
suffering coloration or disccloration of the product and can
be suppressed from suffering generation of a harmful gas or
an organic gas even under processing and use conditions of a

particularly high temperature, and thus the fiber is useful
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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
Ml 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

pa Py 39,60, ﬁf,gfg temoving the ;'!%%d e, Eowe%fg%?%?d an aftﬂoéggﬁéﬁec er

35 at 300C 15 minutes, and thé distance L etween the m

clMasJpeasured. The dry heat.coptragtion yate,at 300C was-calcylated 15 4y

from the value L according to the following expression. Dry heat

teif@Biractionraig 8 300@ =30 -11)30 x 100 (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 dI
EX&aklisted from the fiber diameter and the fineness obtained by

measuring according to ASTM D2130 the coagulated fiber collected

immetiatelirafter thestepl). e dessityidfabe productthredeialioutwith

densified fiber after dry heat treatment was a value measured by a
reSpikefioi fietdanusing mirhcibivathane antreyaivhexdrelasisolépits ver,

the examples and comparative examples are only for assisting
comprehension of the invention, buﬁ the scope of the invention
is not limited by the descriptions thereof. The “parts” and
“%” in the examples are all based on weight unless ctherwise
indicated, and the amount ratios are welght ratios unless
otherwise indicated.

The properties in the examples and comparative examples
were measured in the feollowing mannsrs.

{1) Reduced Viscosity (I.V.)

The aromatic polyvamide polvmer was ilsolated from the
polymer scluticen and then dried, and it was measured in
concentrated sulfuric acid at a polymer concentration of 0.5
g/100 mL at 30°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 ocbtained

by the following expression.
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(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, "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 36 to 740 nm. A lower hue value (L*-b*)
indicates significant yellowing. L* and b* were obtained by the tristimulus
value defined in JIS Z8728 (expression method of color by 10 visual field

pN X4 sysiem).-Example,1 (a) Preparation of Solution Polymerization
Spinning Solution 815 parts of N-methyl-2-pyrrolidone (hereinafter

abbreviated as "NMP') having,been.dehydrated with molesplac, sieve wag,

placed in a reactor equipped with & 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 0C. 203 parts of
{ 3 isophthalicchleride diaving-beempurified; by distillatien and pylveriz€damide
under a nitrogen atmosphere was added to the diamine solution having
Cotyeenrcdofedluder stiitingsto effect reaction. The reaction temperature
was increased to about 50C, and the solution was stirred continuously at
that témperatdire far 60Cmiduted, i fotiowedlby=further reactidg mdert 105°C

heating to 60C for 60 minutes. After completing the reaction, 70 parts of
foraldinirinutes and then allowed to cool in a desiccator, and

the weight of the fiber (M1) 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 extracited
and taken out was dried at 150°C for 60 minutes under vacuum
and then allcowed 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)/M1l x 100

(4) Dry Heat Contraction Rate at 300°C
A lcad 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 lcad, the tow was placed in an atmosphere
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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 37
added to the polymerization solution under stirring (secondary

neufralization). The secondary neutralization was carried out at from 40 to
2 oD o St toF AbBiit o Rimles (6. TSEANE Al g RasE Che

e SPIPIELEl 204 (2 polymer, soluon a5 3 spinning soluonas, e
prepared. € polymer concentration o e solution’(Spinning solution

wa §PNLORGERtFANONs Loy tlﬂ%QaGa@’u‘@EiﬂhE%fég‘?dR?Jgrm@JS Per 100 parts Py
weight in total of the polymer and NMP) was 14, and the I.V. of the

exPolsm: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 theritemi{a): abeve wesc spuh by giecting thraigh a dig having a pore. 100
diameter of 0.07 mm and a number of pores of 500 into a coagulation
bath 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

{5 toagliafak bath, Hneemne threald Wadpassed with an immersion length

(effective coagulation bath length) of 70 cm
It was measured acccerding to the method disclosed in JIS

L1015,
(&) 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 tetrachloroethane 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 conditicns of

10° visual field, D65 light source and wavelength of from 360
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at a thread speed of 5 m/min. The density of the porous thread body
(fibrous material) taken out from the coagulation bath was 0.71 g/cm3. (c)
Plastic Stretching 38 The fiber bundle taken out from the coagulation bath
was subsequently stretched at a stretching ratio of 3 times in a plastic
stretching bath. A bath having a composition of water/NMP/calcium

ide = 44/54/2 (weight ratio) was used. as the plastic stretching.bath,
so G e e B R e

ye lEAYMEN The f@ﬁ&bﬁmﬁf& Vi@@@aefﬂes&%‘%?tgﬂtioe@ Séiciﬁﬁﬁtﬁgiqga%ue

was sufficiently rinsed with cold water at 30C an n further rinsed wit

de f"i%é‘?i"‘i%eﬁf‘é &5@%&%%@@3%‘8 zPSEBaE?t SeA With wapm waler\was, , |

subsequently subjected eat treatment with saturated steam at a
71 eSteetefiing gatio-afy L. 1 times in a container having been filled with

saturated steam at an inner pressure maintained at 0.05 MPa. The
Ex£@hd#ions were controlled in such a manner that the fiber bundle was

treated with saturated steam for about 1.0 second. (e) Dry Heat Treatment
(a)Subsegueat to-thersaturdted Stelam treatment, ltha diber bundle wap inning

subjected to a dry heat treatment on a heated plate having a surface
So ltetnperature of 360C at a stretching ratio of 1.0 time (constant length),

followed by winding. (f) Characteristics of Fiber

815 parts of N-methyl-2-pyrrolidone (hereinafter

abbreviated as “NMP”) having been dehydrated with molecular
sieve was placed in a reactor eguipped with a thermometer, a
stirring device and a raw material feeding port, and after
dissolving 108 parts of m-phenylenedianine 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. Tha reaction
temperature was increased to about 50°C, and the sclution 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 ¢0
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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The poly-m-phenylene isophthalamide stretching fiber (product thread)
thus obtained was sufficiently densified, and the mechanical
characteristics thereof were a fineness of 2.2 39 dtex, a density of 1.33
g/cm3, a tensile strength of 3.68 cN/dtex and an elongation of 42% as
shown in the column of Example 1 in Table 1 shown later, which showed

adc@a\éprcabl mec nlcal .ch racterlstlfs with no fl ctuai;ﬁon in, g]lualh1 and n

orma?on of% rmaftﬁreemQ Drﬁe amoun]flof?he soﬁven re w%j c|3nnt e Y

nefIDEL WAS as;extremely,small.as 0,712, %gleaﬁr%’ qaf gontraction r %ed

at 300C was 1. 2 %, which was an extremely small value as compare

ou%‘m&‘t%ﬁ?ramorte f%r@cpd%{éEPh%}’?PEO%’%@Paé%@E fiker OBE%'ESQ to

y a convention metho Example 2 A poly-m-phenylene

d1 dsephibalamide; fikerwas-prodyeed-ing thessame manner as i Exampledner
except that dimethylacetamide (hereinafter abbreviated as "DMAc") was

sousedas the polymetization selvent (amide sovesta ke, results obtained
herein are shown in the column of Example 2 in Table 1 shown later.
Exaniples 8ahdekA poly:nepheryiceneisoghthilamidel filteromas (produedch g
in the same manner as in Example 1 using the same polymerization

s0 geltion Jas( M Exampin L exteptrthat the. vapodrpessireoandgethght of the
stretching ratio in the saturated steam treatment and the stretching ratio

PO lyHRe dBAedt tredtrient weYe ehadgéd &5 shewml 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 sclution prepared in the item (a} above was
spun by ejecting through a die having a pore diameter of 0.07
mm and a number ¢f 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 ratio) was used
as the coagulation kath, and the thread was passed with an
immersion length (effective coagulation bath length) of 70 cn
at a thread speed of 5 m/min. The density of the porous thread
body (fibrous material) taken out from the coagulation bath
was 0.71 g/cn’.

(c} Plastic Stretching
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in Table 1. The conditions in the process were good, and the
characteristics of the fibers thus obtained were as shown in 40 the
columns of Examples 3 and 4 in Table 1 shown later. Comparative
Examples 1 and 2 A poly-m-phenylene isophthalamide fiber was produced
in the same manner as in Example 1 using the same polymerization

solution.as. Examole 1, except that fhe stieehing atloJo the dupeat

treatment was change as snown in an Steam

suﬁé%a&ﬁ‘eez%?’@Ssoé?iét@cd;hlﬁeaﬁ?sg'tét%t%i&‘?ﬂ reinare shownin e, 5, o

columns of Comparative Examples 1 and 2 in"Table 1 shown later. Table

plaksExample L Example 2.Example,3 Eé%‘ﬂp'ﬁé‘v@%&p%ra%% Qmpargiive £
Example 1 Example2 Amide solvent NMP DMAc NMP NMP NMP NMP

wa Heensityrof copgulated thread Q. 71 0.0 9471 0.430.430.71+ bad (4em3) sed

Pressure of saturated steam 0.05 0.05 0.40 0.05 no steam no steam
as (MRapSuetehingsratiowmorstepartieatment bk 1t 1 ur flimeskreo £

Stretching ratio upon dry heat 1.01.01.01..01.01.2
was 40°C.
(d) Rinsing and Saturated Steam Treatment
The fiber bundle having keen subjected 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 subsegquently subljected to a
heat freatment with saturated steam at a stretching ratic of
1.l times in a container havingbeen filled with 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.
{e) Dry Heat Treatment

Stbsequent to the saturated steam treatment, the fiber
bundle was subjected to a dry heat treatment on a heated plate
having a surface temperature of 3606°C at a stretching ratio
of 1.0 time (constant length), followed by winding.
(f) Characteristics of Fiber

The poly-m-phenylene iscphthalamide stretching fiber
(product thread) thus obtained was sufficiently densified, and

The mechanical characteristics thereof were a fineness of 2.2
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treatment (times; Fineness of thread 2.2 2-2 2.2 2 3 2.3 2.2 (dies)
Breaking strength of 3.68 3.72 3.91 3.52 3.49 3.73 thread (cti/dtex)
Breaking elongation 42 46 38 57 55 42 of thread (%) Density of thread
(g/em3) 1.33 1.33 1.33 1.32 1.33 1.33 Amount of remaining 0.71 0.52
0.38 0.93 2.36 2.28 solvent %) Dry heat contraction 1.2 1.3 0.8 1.6 2.8

o A e (LA b8) Shor Hosietment 76 77 1 7857/ 67
- a8 0.2, 250G for 1oy INDUSTRIAL ABPLICABILITY, Accorging.e, . 1

the invention, such a meta-type wholly 41 aromatic polyamide fiber

in (Pamiculady ampoly:m:phenyleng, isaphthalamide fibep)ispravided tat is.. 1
good in mechanical strength, heat resistance and the like, and has an

chaaxirenely ssmalkampunt of @.solyentremaining in the figer Which cans  no
formation of abnormal thread. The amount of the solvent
remaining in the fiber was as extremely small as 0.71%, and
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
conventional method.
Example 2

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

Apoly—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 dryheat 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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suppress coloration or discoloration of the product even under processing
and using conditions at a high temperature, and is capable of
suppressing generation of a harmful gas or an organic gas, whereby the

meta-type wholly aromatic polyamide fiber according to the invention has
significant usefulness particularly in the field where the fiber is processed

thé)r gg?tdzm%tsa QILQ

aromatic polyam

ul

e

gure, 42 GLAIMS 1.4 metg-tyge wholl
r excellent'in hlgﬁ tempera?

ure processa

for.
iy,

CO&B@@E@@@%%M@Q amaount of a solvent remaining in the fiber is 1.0%

by weight or less, a dry heat contraction rate at 300C is 3% or less, and a

breaking-strength of the fiber is3,0:cNdieX OLmare2 THEMSIAEYR. ¢ in
wholly aromatic polyamide fiber excellent in high temperature
threcessanility-as elaimedinazglaine 1, whereln the-selyent FrMaining M:theon
fiber is an amide solvent. 3. The meta-type wholly aromatic polyamide
so fibel cexcellentirthighdemperature proeessabilieas cladmedinclaim 2o in
wherein the amide solvent remaining in the fiber is at least one of
thdN-methil<2-pyrofiddme; rdimethy|latetamide arsd dimethylformalndide 14. And
method for producing a meta-type wholly aromatic polyamide fiber by wet
thepiaping@pelymetseiutionrcontaining & fretactypé Whdlly arbhsaticesulls

polyamide comprising a

obtained herein are shown in the columns of Comparative

Examples 1 and 2 in Table 1 shown later.

Table 1

Examole 1

Example 2 { Example 3

Example 4

Comparative
Example 1}

Comparative
Exampie 2

Amide solvent

NMP

DMAC NMEP

NMP

NMP

NME

Density of
coagulated thread
body [g/om’)

0.70 0.73%

0.1

0.71

0.71

Pressure of
saturated
{MPa})

steam

0.05

no steam

no steam

Stretching ratio
Upon steam treatment
I times)

Stretching ratic
upon dry heat
treatment {times!

Fineness of thread
fdtex)

Breaking strengthof
thread [chN/dtex)

Breaking elongation
of thread (%)

Density of thread
{g/em’)

Amount of remaining
sclvent (%)

Dry heat contraction
ratic at 300°C (%}

Hue (L*-~k*) bhefore
healt treatment

Hue (L*-b*) after
heat treatment at

250°C for 1 hour

INDUSTRIAL APPLICABILITY

According to the invention,

41
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m-phenylenediamine isophthalamide skeleton as a major component,

and an amide solvent containing a salt, characterized in that (1) the

polymer solution is ejected into a coagulation bath containing an amide

solvent and water and containing a salt to coagulate as a porous fibrous

material, 43 (2) which is subsequently stretched in a plastic stretching

bath containing an aguequs solution of.an amide solvent,.(3) .is rinsed
e PGS SUGSCRn tq ATIaal TRBtHah T ~Btiraed Hoaa beae

1 sdA)isthen subjected 1o a dry heat. treatment.&. The method for praducing, |

a meta-type wholly aromatic polyamide fiber as claimed in claim 4,

s tvdherein inhe: stens(l) » the.coagylation bafh bas 4.composHionINAeURS 1

of weight ratio of the amide solvent of from 40 to 60% by weight and a
smoncgntiation of the salt obiem Q3491086 by weight, anska jempetatutean
of the coagulation bath is from 20 to 70C. 6. The method for producing a
suppetastype-wboly: asomatig pelyamide fibenhas tlaitaedrn €laim 4wsdunder
wherein in the step (2), the plastic stretching bath has a composition in
prderms Dhweight ratioref theramidésoiverit of fnomi2@ ¢onid9% byweeightd is
and the fibrous material is stretched at a ratio of from 1.5 to 10 times in
cauhb prasticsstratehing bathatze ternperatufesof fromi 20 tosF0Cr ArTheganic

method for producing a meta-type wholly aromatic polyamide fiber as
g2 plairmettifohe Sfldifis™s to/6e whepdinin thecstep 19), lise fbpugde fiber

material is subjected to _ o
according to’ the invention has significant usefulness

particularly in the field where the fiber is processed or used

at a high temperature.
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the heat treatment at a stretching ratio of from 0.7 to 5.0 times in
saturated steam of from 0.02 to 0.50 MPa. 8. The method for producing a
meta-type wholly aromatic polyamide fiber as claimed in one of claims 4
to 7, 44 wherein in the step (4), the fibrous material is subjected to the
dry heat treatment at a stretching ratio of from 0.7 to 4.0 times at a
temperature of from 250 to 400C 8%'11'12% method for producing a

ide i

meta-type wholly aromatic polyacm er as claimed in one of claims 4

to 8, wherein as the polymer solution subjected to wet spinning, a
meta-type wholly aromatic polyamide solution is used that contains

calciym chloride and.wate formed. hyouol newtralization of hydrogen: ;.. ,

chloride by-produced aftér reacting an aromatic diamine and an aromatic

exdhicarbaxylic, chioriderin,{pe presencepfanamideisoivent. 18-The method 4
for producing a meta-type wholly aromatic polyamide fiber as claimed in

in aneef elaims4tor9 o whereln as the amide salvgntscamainediarthes 1. 0%
polymer solution, the coagulation bath and the plastic stretching bath,

by GRE; @ twa-or axye selgetedrfrom the greup-eansisting:ef at 3c0°c is 3%
N-methyl-2-pyrrolidone, dimethyacetamide and dimethylformamide are

or usesls 11afHeamethrookfion preducimgyaimeta-type whdlyraremati® coN/dtex
polyamide fiber as claimed in claim 4, 9 or 10, wherein in a method for

oI gredicing a meta-type wholly aromatic polyamide fiber by wet spinning a
polymer solution containing a meta-type

2. The meta-type wholly aromatic polvamide fiber
excellent in high temperature processability as claimed in
claim l, wherein the solvent remaining in the fiber is an anide
solvent.

3. The meta-ftype wheolly aromatic polyamide fiber
aexcellent 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
dimethyvlformamide.

4, Amethod for producing a meta-type wholly aromatic
polyamide fiber by wet spinning a polymer solution containing
a meta-type wholly aromatic polyamide conprising a
m-phenylenediamine isophthalamide skeleton as a major
compoenent, and an amide solvent containing a salt,
characterized in that (1) the polymer solution is ejected into

a coagulation bath containing an amide solvent and water and

containing a salt to coagulate as a perous fibrous material,
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wholly aromatic polyamide comprising a m-phenylenediamine
isophthalamide skeleton as a major component, and an amide solvent
including a salt, (1) the polymer solution is 45 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 t0 60% by weight and a concentration of the salt
2 YR 0 00 Dy SO a2 S HOSI of 1 B

pathon,29 E‘{\ 79 é%;%@&%oéog% {ﬁ'&%“éfg}%aéel%%iz drwhichis, . e 5

subsequently stretc t aratio of from imes in a plastic

is Sirefehing hath.containing, .an agueous solution.of an,amide solvent.and,q, ¢

having a composition in terms of weight ratio of the amide solvent of from

in 20:t0u 7Q%Ry weight and-af & temperatuie,of oy 284@ 0%, (3) isrinsed ¢

with water and then subjected to a heat treatment in saturated steam of
t reort 8:02.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 t&4.0 timescat ademperative offtors 250 e 400Cméa ABSTRAGT: 011y
Upon producing a meta-type wholly aromatic polyamide fiber by wet
ar gpinning rapolymedsofltiomcestailiagreem etar- type iwhéllyvarematic in the
polyamide containing a m-phenylenediamine isophthalamide skeleton as
stepmé&jor comgoemyand ahcamigeth has a composition in terms of

welght 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 70°C.

6. The method for producing a meta-type wholly
arcmatic polyamide fiber as claimed in claim 4 or 5, wherein
in the step (2), the plastic stretching bath has a composition
in terms of welght ratio of the amide sclvent 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.

7. The method for producing a meta-type wholly
aromatic polyvamide fiber as claimed in one 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 to 0.50 MPa.

8. The method for producing a meta-type wholly

aromatic polyamide fiber as claimed in one of claims 4 to 7,
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solvent containing a salt, (1) the polymer solution is ejected into a
coagulation bath containing an amide solvent and water and containing a
salt at a low concentration to coagulate as a porous thread body (fibrous
material), (2) which is subsequently stretched in a plastic stretching bath
containing an aqueous solution of an amide solvent, (3) is rinsed with

water and then subjected to a heat treatment in a saturated steam |
N T e T DR oL hea Pt ey 55T 0
enrogduee a novel metaziype wholly aromatic, polyamide fiber.that contains .

an e>9frem§ly siall amourit oita solvent remam%ng“ in“the fibers, contains a*

all amount of a volatile substan armful.i eat treatment step at a
4 i&ll{léerﬁpg%atl?re%, S Egﬁ:e?bﬁél %?sﬁgﬁr%&’iﬁg %gfgrgﬁ)on4 é?)a{#?ber product,

and is capable;0f providing;a produdt with high, performance apddighy o1 1

quality.
arcmatic polyamide fiber as claimed in one of claims 4 to 8,
wherein as the polymer solution subjected to wet gpinning, a
meta-type wholly aromatic pelyamide solution is used that
contains calcium chloride and water formed through
neutralization o¢f hydrogen chloride by-produced after
reacting an aromatic diamine and an aromatic dicarboxylic
chloride in the presence of an amide solvent.

10, The method for producing a meta-type wholly
arcmatic polyamide fiber as claimed in one of claims 4 to 9,
wherein as the amide solvents contained in the polymer sclution,
the coagulation bath and the plastic stretching bath, one, or
two or more selected from the group consisting of
N-methyl-2-pyrrolidone, dimethyacetamide and
dimethylformamide are used.

il. The method for producing a meta-type wholly
arcmatic polyamide fiber as claimed in claim 4, 9 or 10, wherein
in a method for producing a neta-type wholly aromatic polyamide
fiber by wet spinning a polymer solution containing a meta-type
wholly arcmatic polvamide comprising a m-phenvylenediamine
isophthalamide skeleton as a major component, and an amide

solvent including a =salt, (1) the polymer solution 1is
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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 ratic of the amide sclvent
is from 40 To 60% by welght and a concentration of the sgalt
is from 0.3 to 10% by weight, and a temperature of the
coagulation bath is from 20 te 70°C, to form a porous fibrous
material, (2) which i1s subsequently stretched at a ratio of
from 1.5 to 10 times in a plastic stretching bath containing
an aqgueous solution of an amide solvent and having a composition
in terms of welght ratio of the amide soclvent of from 20 to
70% by welght and at a temperature of from 20 to 70°C, (3) is
rinsed with water and then subijected to a heat treatment in
saturated steam of from 0.02 tTo 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 ratic of from 6.7 to 4.0 times

at a temperature of from 250 to 400°C.
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