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-wholly, aramatic polvamids is,sojuble in an amide.solvent, anda,1 1,

fiber

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



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

digréducing thes matatanidetfiber, thesfollowingstvonmethods @aadi(bpt in
have been employed. Furthermore, the following method (c) to (e) have

£l yeen S proposEd asd-metfod¥oF prodeeing the etdlamide Hiberiig) L v
A method, in which m-phenylenediamine and isophthalic chloride are

ar dipjected 1 W tétfipefatifiié Woition polyrietzationlient, and a fiber
N,N-dimethylacetamide to prepare a poly-m-phenylene isophthalamide
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obtained. by neutralizing hydrochloric acid by-produced in the solution .
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and]PEQéSSI}L%%QQ and U.S. Patent No. 3,360,595). (b) A method, in which an
organic solvent (such as tetrahydrofuran) that is not a good solvent of a

prodyet 2 polyagide containing a m-phenylepediamine, saltand, o . .« ype

isophthalic chloride is made in contact' with an agueous solution system
whEOMNAIRINGAMHINEIGANIC AGId FECeIING-808R hereinafter abbreviated
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



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

po comeiding nedidrganicsalt orca snalbamoe@aoi3w) ok lithiamlt  and

~ chloride formed by dissolving a metalamide synthesized by a solution
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method, in which a metalamide polymer solution, which is formed by
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9). (e) A method, in which a metalamide polymer solution,

we tMRigR IS formed, by splution, polymerization inan agide solvent a%ﬁmge an

contains calcium chloride formed by neutralizing with calcium hydroxi
i n@algiymoxide er he likes and water: is, spundate arpaguegus:coagulation

bath containing calcium

{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



chloride in a high concentration through a spinning die to form into a fiber

material (see JP-A-8-074121 and JP-A-10-88421). (f) A method, in which

a polymer solution of an amide solvent is ejected into a spinning column

at a high temperature through a spinning die, and cooled with an aqueous

solution at a low temperature at the time of being ejected from the

spinning column, and is then stretched in a plastic stretching bath to form
angnte A filek having céonsiderably fite porsts hakife BAY Brdensityos 18- th

/lcm3 or less (see JP-A-52-43930) . (g) A method, in which a meta-type
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ejecting into a coagulation bath containing an amide solvent and water to
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methed, in which.a meta-type,aramid palymer, splution is coagulated by, ; e
ejecting into a coagulation bath containing an amide solvent and water to

so ferm a fikreusmaterial, filament), whichyis subseauentystegtcheddn the ure

air under 4 heat in a state where the fibrous material contains the amide
+h8elvent,antthen subjecied ta,hgating and aheat teatdgibous solution

(JP-A-2001-348726).

at a low Temperature at the time of being ejected from the
spinning column, and is then stretched in a plastic stretching
bath to form into a fiber having a considerably fine porous
nature and a density of 1.3 q/cm3 or less {(see JP-A-52-433930).

(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



(i) A method, in which a polymer solution containing a meta-type aramid
and an amide solvent containing a salt is ejected into a coagulation bath
containing an amide solvent and water and containing substantially no
salt to form a porous filament, which is subsequently stretched in a plastic
stretching bath containing an aqueous solution of an amide solvent and
subjected to rinsing with water and then a heat treatment
heqIPiA-Z005-282598%: 1f thE tnéthod (e} ikathe fibrous polymer solitforrmide
spun from the spinning die, the solvent is vaporized and dried from the
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. _spinning, and thus a dense and firm skin layer is formed on the surface of
I Rh&Tibar Ketordingly sitis difficult to remove sufficiently the solvent

remaining in the fibrous material.after spinning even hy rinsing the solvent
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a <pLIngS ahout such A problers that the fiver syffers, upon using 2 bigh,
temperdture atmosphnere, yellowing and generation of an organic gas due

o7 4. £¥apQration.or decomposition ot the salventremaining. Inthe methods, -

(b) to (e), evaporation of the solvent does not occur in the spinning step
an@WiRgdo wekispinning..BUul Supondntredycing into 4he 8QUSAUS 1 & porous

coagulation bath or the aqueous coagulation bath containing an inorganic
f 1 Bakém 8 highngencenteatienihe gebient is releasad-fiam thewvicinity,ohstic
stretching bath containing 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



the surface of the polymer solution formed into a fiber form into the
agueous coagulation bath, and simultaneously water invades into the
interior of the coagulated fibrous material from the vicinity of the surface
thereof, so as to form a firm skin layer. Accordingly, the problem of
yellowing and organic gas due to the solvent remaining in the fiber cannot
be avoided as similar to the fiber formed by the dry spinning method. The
upanethod (fyds forpFoducing &poraugnetastype asmid: fiber kafiig ar the
density of 1.3 g/cm3 or less, but is an application technique of the dry
QUG R ethodt afa Brusthas the Simitar probept 485 the #ky dinfifig I
method having been described. In the method (g), it is important to use a
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salt, and there is such a problem that for producing the salt-free polymer
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the solvent and the like remaining each are identical between the outer

erdigrphery andthecore Grpad.of he-lamentwhereby fis diffielltios £irn
obtain a homogeneous meta-type aramid fiber. In the method (i) , the

sk imolecpdar orientation ohthefibehe problem of yellowing and organic

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



is increased by stretching in the plastic stretching bath after coagulation,
but the orientation is liable to be relaxed in the water rinsing and/or warm
water rinsing step. Accordingly, it is necessary to increase the orientation
again in the heat treatment step for obtaining a fiber having high strength,
and on the other hand, rapid crystallization occurs in the heat treatment
step. Consequently, the resulting fiber has such a problem that it has a
pahigholieatlcentfactiorerate avB@GEor marei 3P-A-200@-30836%5 proposes
a method for producing a dense metalamide fiber containing substantially
hompasateinotganit aohitosulsstance], ibiwich a polymer solution containing
no salt formed by dissolving a metalamide having m-phenylenediamine
isophtRafdiaide 6binéd in the Sitilae dnémbe 8 thd Afethody(b)tdssal 1ber
_ major repeating unit, in an amide solvent, is ejected into a coagulation
+5 Bé}tﬁ%%ﬁﬁiw ar-amidé Solvent B8 wAte? ahd Eéﬁt‘éﬁﬁﬁdﬁa%éiﬁkfcﬁfter
coagulate as a porous fibrous material (filament), which is subsequentl
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amide solvent .foIIoweg subjecting to rinsing with water and then heat
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state where the pores contain the coagulation IC]Uid or asticizin

t reﬁgg%ge And; heated in g state where the pores containing £0aguation,, anqg
on the1other 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



followed by subjecting to heat treatment. In the methods, however, a
porous fibrous material having substantially no skin layer on the surface
can be obtained in the step where the metalamide solution is formed in to
the fibrous material by coagulation. However, upon removing sufficiently
the solvent remaining in the fiber in the state of the porous fibrous
material, it is significantly difficult to stretch thereafter, and thus it is
is difficalt b effect ufficienttorientationzand crystallization.wAccosdingly, pthee s
fiber thus obtained by the methods has such a defect that it is inferior in
corfibek property tratis. imherent toca idetatamidel filser] particutarly highd, and
temperature heat contraction stability. As having been described, it is the
he setenl Buire e Skudlion ehiak stichre metrfypéwhbiycaretatic ipolyamidat 1 d,
fiber has not yet been known that is suppressed in yellowing and
Lo lyeriepatidhvofaPofanic §as i & Bfgh tehfiser&tard processing step, and
is capable of providing a product having high performance, such as flame
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proau ts, IS capabe of suppressing co oration or discoloration of a
fikﬂfgﬁlédﬁg%%rial by coagulation. 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 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 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



under processing and using conditions at a high temperature, and is
capable of suppressing generation of a harmful gas or an organic gas, in
addition to the natures that are inherent to a heat resistant and flame
retardant meta-type wholly aromatic polyamide fiber, and a method for
producing the same. In a first aspect, there is provided a meta-type

whofiy: arsratic- polyartide fibey extelientirighetemperatarelde & novel

mePERCESSADIItY., characlerized;in that an amount 9f 4 salvept remaiping.in
the fiber is 1.0% by weight or less, a dry heat contraction rate at 300C is
degerelesst and Adresking strehgtinof thedfibéwis- 8,0 cN/dtexaaraidre. Inotf

su\%ﬁ?&%%&p%i@ﬂ% I%,proyided ammethad for prodycing g meta-type, ...,

olly aromatic polyamide fiber by wet spinning a polymer solution
unggntaining ecmeta-tpe vielly aroriatic polyansidé containingba @ high
«efpRhenyjenedigmine; isophihalamide-skeleton as.a majorcompanent,
egﬁd an amide solvenlt containing a salt, ch%tirgactersize{]gf?n%[ﬁat 1) tﬁe or @
hapslymer gokution istejected dntoca eraguldtion dradh téontaihing @reamigeures

rn3Qiventand water and containing.a salt, 1o coagylate. as %Pﬁ%%“srféb{%'hﬁant

material, (2) which is subsequently stretched In a plastic stretching bat
megenthinitg BhabLeoas Sohitioh ofdryamide sdlvent; (3isdriasetewithd for

pr\gggecri%d then subjected to a heat 9

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



treatment in saturated steam, and (4) is then subjected to a dry heat
treatment. In the disclosed method, the steps (1) to (4) are sequentially
carried out for producing a fiber from a meta- type wholly aromatic
polyamide polymer solution, and it is preferred that in the step (1), the
coagulation bath has a composition in terms of weight ratio of the amide
solvent of from 40 to 60% by weight and a concentration of the salt of

f 0.3.to 10% by weight,.and a temperature, of the coagulation bath is
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“from 20 1[:o ‘}61C;S|ﬁ tﬁé:as%éa&(zi(,%ﬁaemblaaé % stfélschiln% ba aglgb] scted to
a compositiontimterons:oft weight ratio of the amide solvent of from 20 to

70% wgi ht,,and the fibrous material js stretched at tio of fr 15
to 1& h%lymgs % tﬁjel;%%isﬁé %tgret%ﬁi%léqbgdth :fl:?lae tesrsﬁt&(?ratulfzf from Zggt]o are
sef@Eninithé lstep £3)r thelfibrnous fmaterialds subjgctedAoithe heabtreatments -

tyat a %trrletfskﬂing ratio of from 0,710 5. etimes= irE]r1 g%tura@q?sjteam of fr&m, ;
6.02 10 0. gM?-%; andin the §1}ép (14 , the fibtous msa?er}‘a‘r*igns’ubfae% ed'fo *°
prihesdrydieat treatment @@ stretohini§ ) ratiorof fronu@.7itord.Ortimes-unders 2
el cgggi%ilognof g_rr?mt 558 fo 490%& In the dJi:st!:oisngn%etQ%d, as thg amid? -
sdlvent” contained in the p&ymef§gfﬁﬁon,athe coagula“tloeh bath and “the” <™~
ofplastic:stté€tchingdieth piy iskecommended ta-use: anseletsiolvent €ontainingl ©

cone selecied,from th 59;0 consisting of N-methyl-2-pyrrolidone, |
Odiméﬁ%ace’tami%%ar? % L!:py welgnt, and 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



10 dimethylformamide, or a mixed solvent containing two or more
selected from the group. The kinds of the amide solvents used may be
different from each other in every step, but it is preferred to use a solvent
of the same kind throughout all the steps from the standpoint of recovery
of the solvent. BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the invention will be described in detail below. To the
d iipelym@ritonsttuting themetariypecwholly caramatic polyahnidetfiberor more
according to the invention, those obtained through polycondensation of
se pparemdticodichisogylicuneid, Breatomalic diarire zan domativent s used
aminocarboxylic acid and the like in a ratio providing substantially
maBqbitncldrt afictints 6Fratarbdxil qiois and an Wik giduPareappliel, 1s
and specifically, a meta-type wholly aromatic polyamide containing a
PrfpheRyieredidmife I6dpHtRddhide skelaton &< Rntdjoresmpbhent is the
mainlﬁﬁaé)é)lig%. In the fiber containing the meta-type wholly aromatic
id&, apo
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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

e @imasphere qwing 10, theexcellentmechanical. characteristics. A

meta-type wholly aromatic polyamide fiber is generally 11

Embodiments ¢f the invention will be described in detail
balow.

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



produced from a spinning solution formed by dissolving a polymer in an
amide solvent, and thus the solvent necessarily remains in the fiber.
However, it is necessary that the meta-type wholly aromatic 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 preferably
from 0.01 to 0.8% by weight. In the case where the solvent remains in
prdabediber ifranramouwst exceeding: ©.09% byrweight basedon dhe sveightraf &
the fiber, it is not preferred since the fiber suffers considerable yellowing
poloritohsidesblergetaricratignih qually Uper proeessihy ot usheg freadight v
temperature atmosphere. Furthermore, it is not preferred since an organic
I eTyas8 lidble t0-Be §eRErated GBI BRocessiftg driusitRfiRsE High that the
temperature atmosphere or upon_incineration to increase environmental
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ot preferred,since_.a product suff ha in_ dimension upon using in a
or E.ISF‘%IpSebased jo]4] thé) 1 k% O%rstcﬁneg%%)egé;rwh?éhébﬁregega'{be gﬁom

W
temperature atmospane% exceedi ngs about Su

0. AuPreblem hal NETgAlCt ISRfeD. 10 fae depHoy (e AheLhecessalin.

has a breaking strength of 3.0 cN/dtex or more. In the case where the
in breakingpstrengthJs lessihan 3.Q chidiex 4t is not prefered since .1aq 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
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the resulting product is low in strength to fail to withstand use for the
purpose of the product. The breaking strength of the fiber is preferably
from 3.5 to 7.0 cN/dtex. The amount of a solvent remaining in the fiber,
the dry heat contraction rate of the fiber at 300C, and the breaking
strength of the fiber are values that are measured in the following
manners. (A) Amount of Solvent remaining in Fiber (Weight of Amide
Che @mpoid SolvartiNC©o) Abbut 810 gebfthe fiber eolléeted i @rittats tand
105C for 120 minutes and then allowed to cool in a desiccator, and the
usgydight oPth@HBEPHR) & weighed Crhecfiber isstibjé@ad odefibxength of
extraction in methanol for 1.5 hours with a Soxhlet extractor to extract the
ER G nidE EbmpouREedoiétt LonidindY in- the-fbef Qn&]ﬂ{éjﬁ@é? *having been
extra ed and taken gut 1S qled att 150C for 60 mjnute, n%d vacu én
and t en aaif(%wed t8 cdol it a ‘dediccator: tolio vv%dlﬂy e|g e%e[ﬁé W 'fjh tY

the fib Th nt of the sol fiber
e holunt of 116 SAHE SoemBthne SolvEr N 1) 16 LacurdiEa. Wah AR =2

5t%D@%%%org@ggggheﬂqygwryr@%gas&%% N (70) = (ML - M2IM1 X 100,,(B)y, o

eat Contraction Rate at 300C A load of 100 g is hanged on a tow of

£o 31300 digxwand 13;marks are put at positions apart from each other by 30
cm. After removing the load, the tow is placed in an atmosphere at 300C

(A) Amount of Solvent remaining in Fiber (Weight of Amide
Compound Solvent) N (%)

About 8.0 g of the fiber collected is dried at 105°C for
120 minutes and then allowed to cool in a desiccator, and the
weight of the fiber (M1} is weighed. The fiber is subjected
to reflux extraction in methancl 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
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for 15 minutes, and the distance L (cm) between the marks is measured.
The dry heat contraction rate at 300C is calculated from the value L
according to the following expression. Dry heat contraction rate at 300C =
(30 - L)/30 x 100 (C) Breaking Strength of Fiber It is measured according
to the method disclosed in JIS L1015. As having been described, the
meta-type wholly aromatic polyamide fiber of the invention has an amount
mafa soventt remamirig-incthe filperrof 1:096 bypweighterléss3andn. After
preferably in a range of from 0.01 to 0.8% by weight. The dry heat
rergontragticheale ati300C oftthe fiberis 8:6% drless, andopreferably frohd 0°C
0.1 to 2.0%. The breaking strength of the fiber is 3.0 cN/dtex or more.
LormHeochokss ek tionalshdpecothefidet tnay bt cikildic Shapbeafarks 1is
elliptical shape or other arbitrary shapes, and in general, the fineness of

ne3FE Ffshofilamertis prefsrabi st Dis fo 1ol diéxs Alretastypel WHom- ed

aromatic polyamide fiber that has _these characteristics has not been
o bbb p BHRBH By e prodlLtion oA Secthe

conditions. 14 A solution of the meta-type wholly aromatic polyamide
generally contains hydrogen chloride in a high concentration, and thus it

s neyralizecwith an,alkall such as calgium, hydcosidesgodiugy 50 100
hydroxﬁ’e, Sodium carbonate of
(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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hydrogencarbonate, and the like, whereby a polymer solution having
been completed in reaction and having a favorable polymerization degree
and high chemical stability can be obtained as a solution of the meta-type
wholly aromatic polyamide 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
polyrierizatioh degre€. Inpariedlar, fopebtaining & fibertzaving goddramide
performance from a poly-m-phenylene isophthalamide polymer, a
Jepdierhadng antiatrivsie adscosity (v vixsbtainedfiam avalgentration,
measured at a polymer concentration of 0.5 g/100 mL in concentrated
andyfiitcacid at30rebifiemie 8dodid harticularkpfrém B0%6 350 apdlciun
still particularly from 1.3 to 2.4, is preferred. The demanded level of the

hydoRAetation HeGreE of theYPoRHEr fs set depehtihg orf tHeBUitpbSe foror
Louse of the gggﬁ/{rgeé or a%%IL%g)n ttfeé%of and the uses of the fiber, and y
Y RIRaC RO etz atioR degred is donirol it By RnwR IethoE iff et Lo
haQQQm%'é%%O”?%%B epending OE_‘»é‘ae%%?f'ﬁ'% %%8 %eaa@fnﬁf gontrolingy o
the golymerlza ion-degree, for example, the 15 polymerization dégree can
po PEufORIRled by using An.end, lermingling Agantdsyei.as Buline. Aoy e
alkylaniline, such as toluidine and the like, benzoic chloride and the |i g).
obihefoncentrationof the polymer inthe pﬂ'¥@§£§9womholly aromatic
polyamide 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 0.8 to 4.0, particularly from 1.0 to 3.0, and
still particularly from 1.3 to 2.4, is preferred.

The demanded level of the polymerization degree of the
polymer is set depending on the purpose for use of the polymer
or a solution 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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in the invention is from 10 to 30, and preferably from 15 to 20, in terms of
part by weight per 100 parts by weight in total of the polymer and the
amide solvent. (The concentration is referred to as "PN concentration™ in
the invention. The part by weight as the unit for the PN concentration 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,
po hirideassoeibiad: thersts Sfot 0aly thee pedoraancesst thefibeeis:y an end
deteriorated, but also it is economically unfavorable since the recycle
Cerhid afthecamiid  solvettls fritréased B8e tGHhé oW eandentidtionsuch as
There is such a tendency that the transparency of the molded article

£0 Yiigel Reinfitoveéd fith ' Righep PRPASh e trafidii bt iist the e ase Sere

the P tratj ds 30, iti t suitabl h a prohlem,
ooeuS AT HE PRGOS r oAb afRrhe Hel HABAUSAFEasRar ELor

in GANPO1L pe carried oyt steadily 1%'”%%%9& polymer solution.has a tog figh,
wscosjlty. I?Iowever, in the casé where thé po?ymgrlza fon teadtion 38

20 Carfed gyt ata-high copceniratipn (for.example, RN, conce H@“%ﬂ 39,

or more), calcium hydroxide orthe like as a neutralizing agent in the

of Neutralization. reagtion-step 46 is.dispersedin a syitable amoynt,(for; on 15

example, an amount providing finally a PN concentration of less than 30)

re OfNapethylZspyeglidene cand-theiresulting siueyiis-addedowhereby ther«
concentration of the polymer (PN concentration)

by weight as the unit for the PN concentration 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



can be controlled, and simultaneously the neutralization reaction can be
facilitated. The polymer solution used as a spinning solution in the
invention contains the meta-type wholly aromatic polyamide and an
amide solvent and also contains a salt, and the solution may further
contain water. The water and salt are necessarily formed in the solution

_polymerization, and they may be further added depending on necessity.
13 AP edseRihdre the Po L SolBfiGH s prodtce i aseparate séfifigh -
preparing process, a salt and water may be externally added. The salt is

P46t Qirhited” Aha ekdmplestheér8Bfiftiutia arorghnic $3k, for Bxkarmple, ©F
hal ide of Ikali metal di hlorid dium iodide,
R IO ARA 11 IR, & Alginide: & bafohatd, & hychote ahire
the Ji [ h et h ' i i .
s CaTE  EAE, taBoaLAs e ol the st ™
carlikg; Whils-he congentrafion theraohmay, be, any., congentralion Wihin., « 5 o,
such a range in that the polymer solution can be present stably, it is

refenemlly.contaiped in.arange Lf from 2.5 to 60% by weight based on the
weight of the polymer, and particularly, the concentration of the salt is

preferally,d 7 from- 50 19, 0% by sveight Ia theicasenwhergitheion in the
concentration of the salt is less than 2.5% by weight, the stability of the

inpatynmemnsotution is toweeed dtpontsiprngtat Bllow temperatuse larenide and
room temperature to bring about tendency of gelation.
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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In the case where the concentration of the salt exceeds 60% by weight, it

is not preferred since the stability of the polymer solution is impaired due

to the salt deposited in the solution. The content of water in the polymer

solution is suitably from 0 to 20% by weight, and more preferably from 0

to 16% by weight, based on the total weight of the solution. In the case

where the content of water is too large, there are some cases where the
fregapility 6Pthe polyhie? saitition isdé %é?lé?%?é%l WARd thblpifiRasiityisation

considerably deteriorated due to_ deposition and gelation of the polymer.

of | 7 B¥fe LRIUtioh G eriZABBnZ aftér B8nipietilythet pIyiiéizatibhy ot the
eaction, a} utralizin Of—xgent is dded to the resultlng?pg m rization N
PO Liiftion for Red uf??tli%g Hethralizitig agent at 1684 Sid8F - ature
ar calcium oxide, calcium h¥dr and ca |um c%rbogatnec
CZhy ogenca%bon%?é IS sun;{gy Iy Used. H by prodeuce%l in the
1n POlerization reaction, is peytralized thyaug *b%‘%%%“%%‘f@“%&é%%‘%{@“6 0%

to form calcium chloride (CaCl2) necessarily. The amount of HC

by bMEQ{%ng‘!lcedi“B the; polymerizatiqn reastion yades: depending th{?eof the
chemical structure of the polymer and the average 18 molecular weight of
po IRenminkaum wnirihereotpad ir thecaseo whese £G L by-produced in the ne
polymerization reaction, for example, of poly-m-phenylene
soisophthalamide is neutralized to 100% with the aforementioned
compound, 46.64 parts by weight
The content of water in the polymer solution is suitably

of gelation.

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
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of CaCl2 is formed per 100 parts by weight of the polymer. CaCl2 thus
formed through the neutralization reaction remains in the polymer solution
and exerts function of improving the stability of the polymer solution (see
JP-B-35-16027), but contrary, it has been difficult to carry out wet
spinning from the polymer solution due to a large amount of CaCl2
dissolved therein. The amount of water that is formed through the
0 YstitrhfiZaticn: fedktivh afdis predent dissolved irithe fsoRifionivaridse case
depending on the kind of the neutralizing agent, and 15.13 parts by
Whegsight ot m%YérQﬁ&r%?d%éﬂO@%aerkﬁ%‘ﬁﬁ@pé@%?h%n for
neutralizing with calcium hydroxide. On the other hand, 7.56 parts by
ex‘%\fi&?éﬁt'of’ &18r i e Pér d biﬁ%%%}b@éi@ﬁ‘&@ﬁﬁesp%ﬁh&& pd to

\eutralizing with .calcium oxide or calcium carbo te,;{hen utralizing .
10&6 WJf,% ecﬁf(ﬁ%ﬁglﬁ%in%l necrl CO%%%%R& Q% 6 ecs % W%lght

agent 1is a n rm of an aque ion"or uPr?/rcontalHing
d. wat is.al resen
o 1 OB AL LA oLt e Sty ST e Solctan and (2™

cmghargetesistics of the, compasition after-neuyalization are, substantiallynot,

impaired with the aforementioned amount thereof. There are cases where

po Igdavorable gharacteristies, sueh @s degraase inviseasity apgd-Jhedike, the
may rather occur with water contained. However, a too large amount of

stayaten isynat prefered singesthe stahilityo of thessolutionds gensiderably nut
lowered (gelled) Accordingly,

contrary, it has been difficult to carry out wet gspinning 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.
Cn 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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the suitable amount of water added in the neutralization reaction varies

depending on the concentration of the polymer. The stability region of the

solution is from 0 to 60.0 parts by weight of water per 100 parts by weight

of the polymer. For example, the case where PN concentration = 20 is

substantially the same as the case where PN concentration = 16, and

thus the stability region is about from 15 to 60 parts by weight per 100
Faaratbyweight of e poiyiier. TR sbatiftyegidiris Sfrom 15 3628 igaftsnd

b ight of wat 100 ts b ight of th Iyr PN
STt AR A byttt R N AL C R L S

tobdS R f_f.‘”agd%%%%f the pobymer éoglé’ N e ntration. 7 30 T T Rhbi ity
exeniplified above are approximate vatues upon allowing the polymer

of %‘?18@%1‘8&%%‘1@ H8%§%£%Z%§élfaf&é?ﬁe§arb'@}f region Sgi;&g%r‘é’g%%?ﬁely,

varies depending on conditions In udlng e polymerization

£ hPOlyer . ihe. tempsrature for storing by aowing,fo stand. |0, aNy-Case. + i on

the allowable concentration range of water remaining dissolved in the

rePobymer saltien isdinaitedi aspeciated with, ingreaser MPOYMELe polymer .
concentration, and upon practicing the invention, it is preferred for

Threveriingigelatien obthes solutien dhat: 204he suitable@amoust IS0, 0 parts
determined in advance by experiments or the like with a concentration of
by wateglof 896 by weight=or 1ess trathestatal pelygrer sdiutibe givéyasma., For

standard. According to the invention, in wet spinning, a meta-type

example, the case where PN concentration = 20 is substantially
the same as the case where PN concentration = 16, and thus the
stability region is about from 15 to 60 parts by weight per
100 parts by weight 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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aramid fiber that is excellent in mechanical characteristics and heat

resistance can be efficiently produced with good productivity by a novel

spinning process and a subsequent yarn-making process including

porous coagulation and 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
ChegpinHihg %r%?n RS- t)iﬁe dedrfittpolifier SolBHER e6RtaMm n@i’tﬁf‘c}?&ﬁents

chloride formed in an equimolar amount as the amide residual group

OF (ipbn synthéSizing by SORGtioh-pétymetization adr§spiinifg dnd SeriCaty ©F

and sem wet S nnln ve been m loyed as a method fors ning the
e o o b e e T et e baah n%%essary#%.n%ny

case og S9 u&é]ggph]g r?%%zliﬁgr% Ir][tﬁ?éflalk \PfoLé’m ri :ﬁ[&ol@ ag%or\lga £

(SUC as orme roug neutralizati

arfB HCE Rproduced is decreased, ny}[%@@ﬁ‘% 10 29%0y ﬂ%%%tﬂrs tics

less, and preferably 20% by weight or less, to prepare a reduced-salt

andPOhmRer splufion: flowever the means forremoval ofra ghlogde \often good
involves industrial difficulties. For example, in the case where a polymer

prdsisynthesized by interface: P1polymerzation separate/ecovesiNgs e quent

devices are necessarily provided for recovering a polymerization solvent
va@anda lshinning selvents whichdre diferentfram each othegand even irend

the case where a polymer synthesized by solution
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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polymerization is spun with the same solvent as the polymer solution,
there are necessarily difficult process steps, for example, an inorganic
chloride by-produced through neutralization is removed by pressure
filtration (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

bo GRfifG ahd e issSIaRan of the foigiret, - BAd TR fiké SAGCdTdgRF tar 1 1Y

- fethods ae not preferred since_ they involve diffieulties in operation.
P energy cost and” &énvironmérial pol tion. 11 thé fetfiod of'the mventioh 2

spIONEYE"s SYEL DY kLS oY) ”%@%E?gﬂz'ﬁé’”ﬁa@é’%‘% pqc'%”e‘% r?as‘;’%'lu”&i%rx‘fen

a meta-type aramid fiber excellent’in gloss, mechanical charac Cs,

in Neaf resistance apdthe likg Cag%ti%/ﬂ@zd“c%%ﬁe‘é’%%%@””%% g&%’ﬂ%;‘_on

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

po Coagulation bath having a,particHlar neorappsition containing sphstantially, - »
no salt, which has been considered as being difficult. According to the

so Invention, wekspinning as 4ke stepy (&), arccagutationbatbpfanps, for

aqueous solution of an amide 22 solvent having a significantly simple
ex0onipositionis used.candaipolymet sohttios is coagulatethby asingtheough

same as a homogeneous porous fibrous material (filament). More
newpesificalby; the ponersoloticriis contralled tohave afiltration ({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

22



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 composition and
temperature described later to form a porous fibrous material (filament) .
The porous fibrous material is then taken out from the coagulation bath,
and in the step (2), the parous fibrous material is subjected to plastic

SO Sttching at'astretdfing Tafic Bt préferdily ﬁo?ﬁ“??oéié tifffled ke e and

agueous solution of an amide solvent. Th orous fibrou aterial is then
> Rt Tised with Water Andior war Water s Sibjected o o °

me.r SCP L% 10 Q a¥1 LlSlI’lg

r rinsed with water and/or warm water and is’once s

ho&‘??éﬁgb%ﬁﬁnsempE;“r%d%‘t“r%&‘%&%%%m gmosphere in fhe step (3), and thgn
it iS subjected o a dry heat freatment at a temperature in a range of from

sp@2P 10 A0DC In tEﬁét‘%Eb Q pryide ametastype. aramid fiber ag afinal 5
product. The steps (1), (2), (3) and (4) will be described in detail below.

terzi@R ) Wet Spinning Jn the invention, fogk@étain%%%ﬁf&ﬁ;l@n capablene

of providing a fiber exhibiting sufficient properties in the subsequent step,

codlds Paricsafy imposaptto-upjiormizenas mueh asPessibieihe stiuctyrsc,
of the porous fibrous material 23 formed in the coagulation step of the wet

andpinring precessd Therelsia close reltionship detweenthe posauds: lation
structure and the conditions of the coagulation bath, and the selection of
ba the cempositioncarbthecte nperatura conditior vhthere described later

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
ié 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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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 and water. In the composition of
the coagulation bath, an amide solvent that dissolves a meta-type wholly
aromatic polyamide and is well miscible with water, and in particular,

N-methyl-2-pyrrolidone, dimethylacetamide, dimethylformamide,
EoHfthidaSolidiAche ahdtRe ke Bré Tprefetably usse The sptiftiffies s

mixing ratio of the amide solvent and water somewhat varies depending

"PBhTheconditions 8 th polyiier BoiGtidH: ahd mgBRerAY, Tria Tato of fie
o L el S D ton o

co e range, co d%Fajbcfy Iara‘evbi e’tendto

=nihe goagulated fiber, which are liable to cause thread breakage inthe .y
e

subsequent step, and on the contrary, under the condition exceeding the

& £9aguigtion is, difficuit 1o-proceed, 1%2§#ﬁgm§ﬁpput fusion of the

co
fibers. The temperature of the coagulation s close relationship to

the cemposition.okthesoaguiation.solution, .andyn,gensral, Aigh + i tuted
temperature is preferred since voids 24 in the form of coarse bubbles,

by whichharedetered i asdirgerse areurard 4o forar mytherfibes predgeetint s,
However, in the case where the concentration of the coagulation solution
i.és relativelyilarge; dusien of dneifibetsarigorausiybecursmaiosition of the
coagulation bath, an amide 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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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 constituted substantially
only by an amide solvent and water, but since an inorganic salt, such as
calcium chloride, calcium hydroxide and the like, is extracted from the

. polymer solution, the salt may be actually contained in the coagulation
1N doltibR “Frfet Sreferfst ReReeftFativh bF the Tforgdic s88in tndeisthiarers

practice is in a range of from_0.3 to 10% by weight based on the

ArgoRfhfation $Salfon Formakims the E5ntEntation BtYRe Shorddnicalf@dse
| than 0.3 % b ight, th Il t f ifying th . .
i TR e et o e
re %ﬁ%g{%%g%%??%%w@%% the ct%geggﬁtleoxn ot the morlgsaglc. Sl s at

3 VIGOTroO
excee weight, on the other hand, it'is not gre]?erre ince fusion

a gégbz?{iﬂf‘%!@ﬁg@i%éé@%ﬂ elﬁ?c'}l'o@htﬂ%mttﬁg Sf[pé%ggg&ggqggnge og the

ecoming porous is liable to occur due to the low coagulation rate, an

o H!ﬁﬁ?ﬁ&%%ﬂ%ae&&‘_ip{%?%Pg ‘E%iscﬁ{ fbﬁ/b%og?rgs Zl%rg%od U?Ot‘%t,heand more

prolonged coagulation time. The immersion time of the fibrous material

»r fHament), 25 in theepagulafipn: bath is preferably from 1.5 to 30 seconds.
In the case where the immersion time is less than 1.5 seconds, the

fibroushmatedalds insufficienty fermedhto Lausertbmad: bieakage.dnitheted

case where the immersion time exceeds 30
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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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 where the density is less than 0.3, it is difficult to
the fibrous material in the subse uent stretchln%and heat

m?@ﬂ%ﬁ%}g&a&% P OBt FHe Hbb Glndity daih Blg. seconds .

ahculated fr the %chkness and the Igneness o{the t #bad fwes)asure
i

accorgﬂngato 886&%US SIELYUC%UI'G Ofst%e rous ma erléjlnds !

th%h'ﬁbczo@@ '%t%‘i' '%%Q?r%%teé'ZSSPHI&V'QQtG nsiderably fhomogen ngg?%?d

ine pores ormed therein. The pore size ‘theredf 18 in & SUBMICTOR or

préfoutirom 9.2 tol.masmegaured Wi a;SeANRING MICIOSEOPEARd 45 30

there 1s basically no pore having a size of several micrometers, which is

sefefered toras & veid onafager. Qwingda the,copsidarably gerse and,oor
homogeneous finely porous structure, thread breakage is prevented from

occurring gpenstretehingpand-densification : andhexhibtionetfitera 1y nas
properties are enabled upon final heat setting. It is known that the

a dwomadgeneaus and fireposeuis 26 stsucture ihfoymed-thyough spibedaluent
decomposition associated with coagulation. Upon ejecting the polymer
dewmelufibrantocthe cdaldtos ibath| @/mult-holetspimnirrdie inay befsseth Ly
The number of
0.3 ormore, andmore preferably 0.5 ormore. In the 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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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

material (filament) obtained through coagulation is introduced into a .
g et oo e S e OB oYk faaeetated
. sglvent, ar}Ld tretched in the bath. The plastic stretching bath in the
with coddgu aiLon. . . .
mven%o contains an aqueous solution of an amide solvent and contains

substantially -%ocgaﬂggf;%%%%@vﬂl eao'gs%egsr?ai%%e rféawc%'%e@%@@tm

meta-type arami ell miscible with water can be pre

patsed, Rrgferred examples of the amide solyeptincde  vhe number of

N-methyl-2-pyrrolidone, dimethylacetamide, dimethylformamide,

ho dipethyinidazelidinong-anddhe likeqa A sotvert 9f the same kind assusesho .

in the coagulation bath is particularly preferably used industrially.
ThéAecordinglyithecamide selveats ased itk the polymes SORtIoNgtAe e having
coagulation bath and the plastic stretching bath are preferably the same
ab@7tkiad,tancd aEoje S6lvent ersa mixed selyehtcertaining:two opagafeztion
selected from N-methyl-2-pyrrolidone, dimethylacetamide and

ba dhimethylformianiitls drepréferabily Usedn By Uising theamide Sobventsidfich
the same kind, the recovering steps are integrated

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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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 attain a sufficient

Kingretehifigiratio tpoi? piadtic Stfeferig: HhdiintHetEgiorighérimante or
range , the uEface of the f'be{ls melted and é{used to fail to attain .
MOYR IS SBMARGTINHS hOHTaH G Fatib St plastic SEtchipige tamd de

nerally fr .5 to 10 times, and preferably from 2 to 6 times. A .
B e N B e Lol ot S o

soﬂbslrl@spgwggrgﬁ%%nhe_%h@)aw%%ﬁ%t&cg%&% '”99&599;!3@6 %%%ig rated

modulus an e. By stretching the fiber fo a high ratio in the plastic

ancteishing sstep, theistrangthand the lastic modulyscof the fiber are

improved to exhibit good properties, and simultaneously, the fine pores in

the fibgeate cellapsedyestretchingde sfaciitate faverableRrogresseofs ture
densification by the 28 subsequent heat treatment. Accordingly, the

andtegtehingmatio 1is jyaferabbynbighes. Howeyer: i thei ease-where theifiber i

is stretched to a high stretching ratio exceeding 10 times, it is not
prgfefertetlsineethextonditidneofthé gracessmmay.beation of the amide
solvent is from 20 teo 70% by weight, and the temperature is
from 20 to 70°C. In the region lower than the ranges,
plasticization of the fibrous material does not sufficiently
proceed to fail to attain a sufficient stretching ratio upon
plastic stretching, and in the region higher than the ranges,
the surface of the fiber is melted and fused to fail to attain
favorable spinning.

In the invention, the ratio of plastic stretching is
generally from1.5t0o 10 times, 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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deteriorated to cause fuzz and thread breakage frequently. 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 séeam tmosge)her?rI havipng a saturated steam pressure of from_ .

SUP GRS 850 MPar it the Satirate ST Heaent the fibercartbE r2tio

S

1.5 iByepaedin origntafion whis, suppressing cystallzaon, INEneal. e

eatmentind satdrated steam atmo$phere can rmly to

is e Interor of the fibgr fundle as.compared & ?i‘od%i‘c?@éé{?ﬁ‘%“%?’ Limes,

whereby a homogenous fiber can be obtained. Furthermore, surprising

it the fiber surface.is not crystallized to.form noskip fayerby the saturated 1o

steam treatment, whereby the solvent remaining in the monofilaments of

de tibe fiberbundle can; he semeyed stbstantially.complgtely; fromthe iaterioy
of the fiber through rapid diffusion. According to the mechanism, the

Stapmaining solvenhamount Retheproductdibessar bedeowered to 1.0% by
weight or less, and even when the resulting fiber is subjected to a heat
treateatfandewdrking, ¢ dees:notistfer: 29 fusion<oktelorationttoplastic
suppress the quality from being deteriorated. Accordingly, the invention

stipbvidésa movel meta-type wholsearonidtic pohiainidetthat igeexeeiéntinat
high temperature heat resistance as compared to the conventional

30°C or less, 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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products. However, in the case where the saturated steam pressure is
less than 0.02 MPa in this step, it is not preferred 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
usf@oerg isofgtcilci:t %d upon I;&)roicz:gssisn torfgrrg a tstgin Ia%(&arlviv ere% the in
remaining solvent amount cannot be sufficien yede reased’ The 8EFet8%ngg
iQ | tur ! tment_h e relati nip_t
o iton sFihe e gth ST fbor and 1 Sousrs, (e Shetiting rala e
me YRR 3611102 L3005 o HOR O atp:yimas. andmare preigrablydna o
range of from 1.1 to 2 times, while the ratio maybe arbitrarily selected in
terfOBsidenation, akthe deynanded-properties eithegproduatdntbe$ase s onal
where the stretching ratio is less than 0.7 times, it is not preferred since
prdhedusdlingiprapesty,of ithe fiber bungie (filament} nethe satratedisteaman
atmosphere is deteriorated. In the case where the stretching ratio
preexceedsistines; it isanot preferied sindehtheeaddyseakagesupoh sirefehing:d
is increased, and fuzz and thread breakage in the process occur. The
s irgtretohingrafioreferted hérmin is 36 expressed hynths Tatiorofithefiben ined
length after the treatment with respect to the fiber length before the
Lo trezpmere ahtlsor exBatple o sechingTatic ot 0F thaBaednsithaptheent

fiber is confinedly contracted to 70% of the oriC?inaI length in the
amount. In the Ccase where the saturated steampressure 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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saturated steam treatment step, and 1.1 times means that the fiber is
treated by stretching by 10%. The period of time of the saturated steam
treatment is 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 th treatment hath,. and thus th b trolled t
et e (4G TG Cabable of piotiding 18 podt sect Sleg (HFORP™
wi Hieglsaiment The fiber bundie hfé@?%?%%@ gubjected 1o fhe saturaled -

steam t?eatment is then su%Jecte o a dry heat treatment, such' ds 8ry

exEAt Stretehing arthe.like, pyusing a heat plate, a heat rolleror the like;,

at a temperature of from 250 to 400C, and more preferably from 300 to

15 380Ck Inthe case mhere they dry heal trsatmentiemperaturg is\less than:ne

250C, itis not suitable since the porous fiber cannot be sufficiently
satensified, and the resulting:-ibeshasinsyffigcientmeebanicale ans that the
characteristics. In the case where the dry heat treatment temperature is a
fibigh temperatute éxegeding 4008 itds hot preferred since the surface of
the fiber is thermally 31 deteriorated, and the fiber has poor quality due to
coloration.c&he stretdhingmatio in treedpelieatdteatment has arclesament is
relationship to exhibition of the strength of the fiber, and in general, the
gergotehiig matie i prefermblreat if arahge 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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of from 0.7 to 4 times, and more preferably in a range of from 1.5to0 3
times, while the ratio may be arbitrarily selected in consideration of the
demanded strength or the like of the product fiber. In the case where the
stretching ratio is less than 0.7 time, it is not preferred since the
mechanical characteristics of the fiber are deteriorated due to the low

de tHIQGRSSIEDFI0N, ¢ fi‘ in.the,case wh patels gdhe reﬁhcxg fglq exceedsd; on.

tlmes itis noi pre erre since threa reak ge upon stretching Is

increpsed, and fuzz and thread breakage in ﬂ%%@ﬁ%&éﬁrﬁ&ﬁ‘drhggea close

stretching ratio referred herein is expressed by the ratio of the fiber length

re 18fter dhe Hegtrent withyespeet rthefiberdengihbefare thestreaiment ag.q

similar to that described for the step (3) , and for example, a stretchlng

in 4R 17 time=meaanstibat e theriis confinedly- eantractedito; 0% eknge
the original length in the heat treatment step, and 1.0 times means a heat

of tfeatmentwith aicansiant, lengthudihe perdd:ebtime dfithe darhgato £ from
treatment is generally preferably from 1.0 to 45 seconds. The treating

1. dinte cantbeneontreftedlwithithe rarringrspeet of thesfilierabuindle aad¢heed
contact length thereof with a heat plate, a heat roller or the 32 like.

in Kgvehtagesofithe Indeiition Theandectypearamidfiber 6cortirtptothethe

invention is good in stretching property, does not undergo thread
preduct fiber. In the case where the stretching 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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breakage and formation of fuzz in the stretching in the plastic stretching
bath, the saturated steam treatment and the dry treatment, and thus can
be stretched smoothly to a high total stretching ratio. In the invention, the
solution polymerization, the neutralization reaction, the wet spinning, the
plastic stretching, the rinsing and saturated steam treatment and the dry
1 ; jheat treatment mentioned above can be carried out as a continuous
coherent process, which is one of the advantages of the invention, and in

naPOMES GasES, the slepsmay, be garried out by dividing into some
processes. The meta-type aramid fiber thus produced may be further

subjegted io.a crimpirg fFeaiment-depanding.qr Aecgssity, +hRING/CHE NG on
a suitable fiber length, and then fed to the subsequent steps. In some

is casesi therfibermayhieiwqunsk-as a-mlti-filaraent yaen. thedibgoofithecad
invention can be suppressed from suffering coloration or discoloration of

brdhé& peeductand canthe suppréssedifrionh suffeting generation i@ haemful ¢
gas or an organic gas even under processing and use conditions of a

s tpardculany bighlemperatare; @andithds theefiber is aséfub83 particilary dry
as a material, for example, for firefighter clothes, heat resistant working

Crejothes ta fikecfdrakigha feMpeihtird gas canaais ike/ EXAMPBLES 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 invention will be described in more detail with reference to examples
and comparative examples below. However, the examples and
comparative examples are only for assisting comprehension of the
invention, but the scope of the invention is not limited by the descriptions
thereof. The "parts" and in the examples are all based on weight unless

paP—?&*lec&"l"i%erir%qi%aéeda a&%%%%@?}‘r@@{iose@gmg’ﬂg?t ?E‘%S WVESS: i gnter

otherwise indicated. The properties in the examples and comparative

c1&xaaples weremeasyred-in he followingmanners . (1):Reduced, . 5 1ign

Viscosity (1.V.) The aromatic polyamide polymer was isolated from the

t elROMPAGr sQlutionsand then-dried, and it was measured in concentrated
sulfuric acid at a polymer 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 polymer solution used for spinning (spinning
EXSoRition), i.e., the PN concentration, was obtained by the following

expression. 34 PN concentration (%) = {polymer/(polymer + solvent +

otherg)iex 100748y Amount of Sdiventaemaiirgl iniFibera(Weighkttef iAmideth

Compound Solvent) N (%) About 8.0 g of the fiber collected was dried at
reflppence to examples and comparative examples below. However,
the examples and comparative examples are only for assisting
comprehension of the invention, but 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 following manners.

{1) Reduced Viscosity (I.V.)

The aromatic polyvamide polvmer was ilsolated from the
polymer solution and then dried, and 1t was nmeasured 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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for 120 minutes and then allowed to cool in a desiccator, and the weight
of the fiber (MI) was weighed. The fiber was subjected to ref lux extraction
in methanol for 1.5 hours with a Soxhlet extractor to extract the amide
compound solvent contained in the fiber, and the fiber having been
extracted and taken out was dried at 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

p Ofthe-amide ¢ampoynrd salvent) N (%) was calculated from Ml and M2
according to the following expression. N (Ml - M2)/M1 x 100 (4) Dry Heat

Contraction Rate, 3006 & load 00409 a,was haged on adpah3,300; o

dtex, and marks were put at positions apart from each other by 30 ¢m.
After removing the load, the tow was placed in an atmosphere 35 at 300C
for 15 minutes, and the distance L (cm) between the marks was
{3 measuredthe drysheatccontrastian ratecat 300 was caleulgted samathede
value L according to the following expression. Dry heat contraction rate at
CogeoT=l (304 )80 X 200( ¢5) Breaking Strength of Fiber It was measured
according to the method disclosed in JIS L1015. (6) Density of Porous
FibroblsMatefal(Filanenthandiber collected was dried at 105°C

for 120 minutes 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 (%) = (M1l - M2)/ML 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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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
%A(ﬁﬂ at meti d usm tetrachloroethane and cyclohexane as solvents.

The'fib ?ﬁ/asaﬂlr?e(fﬁ %ﬁ@F&Pf@Oé forfdo h%ﬁ?’%e%?ldthe
d for ch b* ith a col
= Measured for change m%ﬁ é |E Q e ?%%ﬁrltn %\,IV% acolor -

measurement apparatus olor produce

wa By Macheth Cos, lidpnder.conditipnsof %'%H%H@'%@%@@é?ﬂ&%ng

and wavelength of from 360 36 to 740 nm. A lower hue value (L*-b

exidicates significant yellowing. L* and b* were obtained by the trlstlmulus
value defined in JIS Z8728 (expression method of color by 10 visual field
XYZ system). Example 1 (a) Preparation of Solution Polymerization
Spinning Solution 815 parts of N-methyl-2-pyrrolidone (hereinafter
abbreviatedeas:"NMPY-having heea tehydrated with-malecular, sieve wasgo
placed in a reactor equipped with a thermometer, a stirring device and a
raw material feeding port, and after

{5} Breaking Strength of Fiber

It was measured acccerding 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 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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dissolving 108 parts of m-phenylenediamine in NMP, the solution was
cooled to OC. 203 parts of isophthalic chloride having been purified by
distillation and pulverized under a nitrogen atmosphere was added to the
diamine solution having been cooled under stirring to effect reaction. The
reaction temperature was increased to about 50C, and the solution was

irred_conti sly at that temperature fo minutes,_followed by ..
= iR eactiog G AL 10 6DC Tor 80 imtie Ctarcoibir 8"
ye 1€agHa, 70 parts,of calci ng%oﬁ%dﬁq' fine powdey farm was added, |,

thereto over 60 minutes for dissolving and neutralizing (primary

oo ASHBERT) Sy 3 BT PSRN LU 9081,

£ i ydrexigde-g¢eptaining slurry (neutralizing agent) was 37 added to the
polymerization solution under stirring (secondary neutralization). The
Ex88c08dary neutralization was carried out at from 40 to 60C under stirring
for about 60 minutes to dissolve calcium hydroxide completely, and thus
(a)a polymesaselutiomas a SpinAinguwsolution Waslpnepated: Therpolysgemning
concentration of the solution (spinning solution) (PN concentration, i.e.,
Solthé part by weight of the polymer per 100 parts by weight in total of the
polymer and NMP) was 14, and the 1.V. of the poly-m-phenylene
isoptthalanii@e tHus fofmedf westh 31 - théecalciuhi ebfde Gtacentratidr

and the water concentration of the polymer _
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. 253 parts of iscophthalic 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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solution were 46.6 parts for calcium chloride and 15.1 parts for water per
100 parts of the polymer. (b) Wet Spinning The spinning solution prepared
in the item (a) above was spun by ejecting through a die having a pore
diameter of 0.07 mm and a number of pores of 500 into a coagulation
bath having a bath temperature of 40C. A bath having a composition of

aadRISIMEICRIUIL N 00%e 500 T (R SloL WAz Lseq ASIRE g
coagucfa ion bath! and the thréad was passed with an- immersion length ¥

ti ti th f 5 m/min.,
neg%k%%gglfs?g%g% '33513%8 t%%er%m%gr@ M, 348 fhread speed of ggmed

ody (fibrous material) taken out from

ou%hgtcoﬁg&lﬁ%‘ **8?”15 yves 069/ Céﬂ%-léﬂg@%‘&s%%%ﬂ@%ﬁ HTPSJ@% to

undle taken out from the coagulation bath was subsequently stretche

d1i S qusteetching fatio of 3itines i a Rlashicsteatehing bath: A\ kath hawnga.
composition of water/NMP/calcium chloride = 44/54/2 (weight ratio) was

sousedoas the plastic sitetehing-bath; and thestemparatue thereof was

40C. (d) Rinsing and Saturated Steam Treatment The fiber bundle having

beeniSubjected/toeplastio: stretchingi was sdfficientlysiisediwith celd waténg

at 30C and then further rinsed with warm water at 60C. The thread having
so PeehainseEWith awaremvater was sibsequebtly subjgcted toal cht of the
polymer per 100 parts by weight in total of the polymer and
NMP) was 14, and the I.V. of the poly-m-phenylene
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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heat treatment with saturated steam at a stretching ratio of 1. 1 timesin a
container having been 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 Subsequent to the saturated steam

treat ent the flbgr béjfdl was subj %ted to a dry heat treatment on

heaté platle %avmg asur ace t%mpera tre of 360C 4t s?retlc%lng ré{’tloWas

subcge]q%%ﬁ&ﬁ?o@é?é‘é h).f OQO 'Qﬁ'é‘gr%]% Chay gcgents%gg Oin a

Fiber poly-m-phenylene |sopht alam e stretching fiber (product

p1d8read) thus.obtained wasspifficiently depsitied, the meghanical o ¢

characteristics thereof were a fineness of 2.2 39 dtex, a density of 1.33

wa t@emdva tensile; strength of 3:68-cN/dtex, and anslongation o£42%.asused

shown in the column of Example 1 in Table 1 shown later, which showed
as fanerable siechasicat icharacierstics, with Aoflustuationdn guality and pec r

formation of abnormal thread. The amount of the solvent remaining in the
wa diberwwas as extremely small as 0.71%, and the dry heat contraction rate

at 300C was 1.2%, which was an extremely small value as compared to
{d)about 3% onmaredorSa oty heghénylene Bophthradarhide fiber obtained

by a conventional method. Example 2

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

atd3ophthalanide figer was gﬁ%‘%‘n@‘f%’[ l{.‘eé%% 45 9&?@%{1%59%!5 'Eﬁfdjtex
using the sam polymerlz tion Ssolution as In Examp except that the

and/aporpressyre and the setching ratia.in.the saturated, steam: treatment,

and the stretching ratio in the dry heat treatment were changed as shown

in indgble L Thesanditions in theprogesswere000d,apdiihe nechanical
characteristics of the fibers thus obtained were as shown in 40 the

chaeluwnes of Examples 3rand.4 in fable-1 shewn later. Cemparafiveang no
Examples 1 and 2 A poly-m-phenylene isophthalamide fiber was produced

fodmathecsameimannerasin Example 1 usingdhesametpolymerizations L vent
solution as in Example 1 except that the stretching ratio in the dry heat

rentpgatment wastthanfedas shownm in Fablednahg theaddtueated stéam and
treatment was omitted. The results obtained herein are shown in the

thecadumnsaaf Comparative 1 Exampies dtarkd 290 Tabite 1. sttowmiateh Taldean

1 Example 1 Example 2 Example 3 Example 4 Comparative Comparat4ve
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

A poly-m—phenylene isophthalamide fiber was produced in
the same manner as in Example 1 using the same polymerization
solution as in Example 1 except that the vapor pressure and
the stretching ratic 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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Example 1 Example 2 Amide solvent NMP DMAc NMP NMP NMP NMP
Density of coagulated thread 0.71 0.70 0.71 0.71 0.71 0.71 bod (/cm3)
Pressure of saturated steam 0.05 0.05 0.40 0.05 no steam no steam
(MPa) Stretching ratio upon steam treatment 1.1 1.7. 1.2 1.0 - - (times)
Stretching ratio upon dry heat 1.0 1.0 1.0 1..0 1.0 1.2 treatment (times;

Fine nOf thr, 222-22223232.2 (di
eng ISR e AR e S a2 e e

Bregking stiengih

onga%gn

of 3.68

638

ngga%%gv%f @%@@ngnai}ydofzthread (9/em3) 1.331.331.331.321.33
1.33 Amount of remaining 0.71 0.52 0.38 0.93 2.36 2.28 solvent %) Dry

heat £OMBGIAN s henylene isophthalamide Fiber was produced in

the same manner as in Example 1 using the same polymerization

solution as in Example 1 except that the stretching ratio in

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

the saturated steam treatment was omitted.

and

The results

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,
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such a meta-type wholly




1.21.30.81.62.8 3.7 ratio at 300C (9) Hue (L*-b*) before 79.8 80.6 80.1
79.0 74.1 73.9 heat treatment Hue (L*-be) after heat treatment at 76.2
77.178.575.971.570.2 250C for 1 hour INDUSTRIAL APPLICABILITY
According to the invention, such a meta-type wholly 41 aromatic
polyamide fiber (particularly a poly-m-phenylene isophthalamide fiber) is
rovided that is goad innechanical _strength, heat resistance and the like
L e Amb it o 3 Soletsrefatiing e gy che

1 sUER gaa, suppress coloration of diseolprafign of the, praduct ?&@&"Ql?ﬁe(% al

processing and using conditions at a high temperature, and is capable o

s tSUppressing generation.of a-Rarmivl gas arap-oraanic 1gas, whergby e 1

meta-type wholly aromatic polyamide fiber according to the invention has
sn:Slanificant:usefuingss (partietladyimtheifield where therfiberis precessedan

or used at a high temperature. 42 CLAIMS 1. A meta-type wholly
su@romadic-polyaaide-tiber excellentdn hightemperatireracessahibity,under

characterized in that an amount of a solvent remaining in the fiber is 1.0%
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 peolvamide fiber
acgording 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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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. 2. The meta-type
wholly aromatic polyamide fiber excellent in high temperature
processability as claimed in claim 1, wherein the solvent remaining in the
fiber is an amide solvent. 3. The meta-type wholly aromatic polyamide
fiber excellentin high temperatu&ﬁ ssability as claimed in claim 2,
wherein the amide solvent remaining in‘the fiber is at least one of
N-methyl-2-pyrrolidone, dimethylacetamide and dimethylformamide. 4. A
method for producing a meta-type wholly aromatic polyamide fiber by wet

spinning a palymet solution. contaiging, a H‘_Leé?nf%’fcwg?ﬁbi AQMAUC £ per

polyamide comprising a ‘m-phenylenediamine isophthalamide skeleton as

ex GMBAN COMPONEAL, amide:-sglventconainingtd saltharacterized
characterized in that (1) the polymer solution is ejected into a coagulation

in hath eontaining.an amide selvenrtand-waterand;containingra salttes 1. 0%
coagulate as a porous fibrous material, 43 (2) which is subsequently

by Steetehad -aplastic stretehing: bath-cantaining an asesustsalution af as
amide solvent, (3) is rinsed with water and then subjected to a heat
or tlemtmentrid satorated steanstarch @) hs tHertbebjéctedrtoiss dpy. Aeatl/dtex

treatment.
or more.

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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5. The method for producing a meta-type wholly aromatic polyamide fiber
as claimed in claim 4, wherein in the step (1) , the coagulation bath has a
composition in terms of weight ratio of the amide solvent of from 40 to
60% by weight and a concentration of the salt of from 0.3 to 10% by
weight, and a temperature of the coagulation bath is from 20 to 70C. 6.
The method for producing a meta-t holly . aromatjc pol ami%e fiber as
2 ket CTaith B 6. o elein' i Re S8 (At BILRRE LhernhiEr e
b@r@s ﬁgggﬁ'in}pe |5_1 t! the |d§.s Iven'g fOIT)23
“fo %%?by Welllgg%t,aL an(% %hgégﬁ%{r%qj%sgmg%fg |sos|%tr§%(g11% la(’?% rsa%%q%% fi;“omP !

is 110,10 times,in the plasfic strejching, hath. at-a femperafiire of from 20 e

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

in Pohamide dibet as slaimedin one afclaims 4 19,6, whergindg the gtep (at
the fibrous material is subjected to the heat treatment at a stretching ratio
+rof freen 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 oneref claim$ddo 7044 wherircinithe stepned) athefibrousholly
material is subjected to the dry heat treatment at a stretching ratio of from
ar Qrato ¢ pdivesratia témiperaturecdfdfiom 250ta4606. 9, THemethod forhe
producing a meta-type wholly aromatic polyamide fiber as claimed in one
stef claims £fegcoagulation bath 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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wherein as the polymer solution subjected to wet spinning, a meta-type
wholly aromatic polyamide solution is used that contains calcium chloride
and water formed through neutralization of 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 produc olyamide fjber as claimed in

i ta-t holl ti
whe R I SR (8 5 bt aint At R e aB RS Con e R ARE £ =0 £

en@OWEn ROldNqN. e, oagulation Bathand e plastle MeghpI DR 7 to
one, gl‘ two or more seﬁecte% rom the group ¢ S|sat|ng OfO

¢ Qe Zpyoldone, diezcsianide and imetyfymaride ae

used. e metho oducing a meta-type wholly “aromatic

polyagnide fiber, as claimeg;in glaim 4,,9,9r, 10 wherein, in g method for 1 1,

producing a meta-type wholly aromatic polyamide fiber by wet Spinning a

arfelmes solutiencoptaining a meta-typa.wholly, asgmatic polyamides o g,
comprising a m-phenylenediamine isophthalamide skeleton as a major

wheomponeat tand anlamide solvent inaluding a salia(dheolymenning, a
solution is 45 coagulated in a coagulation bath containing an amide

me salveppandiwdtéryand coatainingba sakimwhere 3n the coagulationdath, taat
composition in terms of weight ratio of the amide solvent is from 40 to

coB0% by weight ahdm conbéntratibn of #ialsaltwistfeam 03torkdd byhrough

weight, and a temperature of the
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
aromatic polyamide fiber as claimed in claim 4, ¢ 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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coagulation bath is from 20 to 70C, to form a porous fibrous material, (2)

which is subsequently stretched at a ratio of from 1.5 to 10 times in a

plastic stretching bath containing an aqueous solution of an amide

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

solvent of from 20 to 70% by weight and at a temperature of from 20 to

70&%}( ) is rinsed with water.and then subjected to a heat tregtment i

o R aka st o O 007 (6 050 MPA A Sretiing tato. OFBE 7" "
0 5.0 times,.and (4) is then subjected to a dry. heat treatment at a

2 g S oF HBb G AaAD el A At o iomy 58 £

ac $416tA1§§TBﬁA‘CEE rm%p%_rf p{%qqﬁlpﬁg ?ﬂeltg_'%ge Wﬂ? llgﬂg@agg lvent

polyamide fibe_r by wet spinning a polymer solution containing a meta-type
is Wholly arematicqelyaide-gosaining;a m-phenyenediamine o ¢ the salt

isophthalamide skeleton as a major component, and an amide solvent

is CeRtaining & sally (1) the palymerisplutionds gjected dnio-a seagulation the
bath containing an amide solvent and water and containing a salt at a low

co£@acentrationo-eoagulate.as-a parousthreadbedy-{fibrovsaterial)s t2his
which is subsequently stretched in a plastic stretching bath containing an

ma zeueais solitiontof@n amideibelvent: (3)lis rinsed withewater and-thene of
subjected to a heat treatment in a saturated steam atmosphere, and (4) is

frahen sbbjectéd t¢ &rdry heata 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.

46



treatment, so as to produce a novel 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 capable of suppressing
coloration of a fiber product, and is capable of providing a product with

high performance and high qugﬁg/TMCT

Upcn preoducing a meta-type wholly aromatic polyamide
fiber by wet spinning a polymer solution containing a meta-type
wholly aromatic polyamide containing a m-phenylenediamine
isophthalamide skeleton as a major compchnent, and an amide
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 1is
subsequently stretched inaplastic stretchingbath containing
an aqueous solution of an amide solwvent, (3) is rinsed with
water and then subijected to a heat treatment in a saturated
steam atmosphere, and (4) is then subjected fto a dry heat
Lreatment, sc as to produce a novel meta-type wholly arcmatic
polyamide fiber that contains an extremely small amount of a
solvent remalning in the fibers, containsg a small amount of
a volatile 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.
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