LDesigna.tion of Document] Specific 'en [Title of the Invention] Meta-Type Mhol lyma ic Polyamide Icr
[Technical. Fi. Idi [CO01] tic mrese t invention relates to a. meta-type w Ily romatic polyamide fiber.
More specifically, the or sent invention relates to a novel meta -type with] ly aromatic poi yamide

fiber which confains no layered clay mineral, is excellen 10mechanical characteristics and can provide
a nigh- Jai! product. [Background Art] [0002] It has been well known that wholly aromatic pci
yamides 15 produced from aromatic di ami nes and aromatic carboxy ho aol dichlerides are excellent
iat resistance and excellent in flame retardancy. Further, in has also been known that these wholly

aromaric po I'yamd's até Sofuble iR aH Sdé-basEd solvents: aRd fibers can be obtained from these
polymer solutions by-20 methods steR as drySpHming wet-sminfing-and semistky semi-wet 2

aromatic polyamldes, a mete-type wnolly
Fiber
[Technical Field]
5 [0001]

The present invention relates to a meta-type wholly
aromatic polyamide fiber. More specifically, the present
inventionrelatestoanovelmeta-typewhollyaromaticpolyamide
fiber which contains no layered clay mineral, is excellent in

10 mechanical characteristics and can provide a high-guality
product.
[Background Art]
[0002]
Tt has been well known that wholly aromatic polyamides
15 produced fromaromatic diamines and aromatic dicarboxylic acid
dichlorides are excellent in heat resistance and excellent in
flame retardancy. Further, it has also been known that these
wholly aromaticpolyamides are soluble inamide-basedsolvents,
and fibers can be obtained from these polymer solutions by
20 methods suchas dry spinning, wet spinning and semi-dry semi-wet
spinning.

Cf such wholly aromatic polyamides, a meta-type wholly
aromatic polyamide fiber (hereinafter abbreviated as
"meta-aramid" in some cases) represented by poly-m-phenylene

25 isophthalamide is particularly useful as a heat resistant and



aroitiatipolvamide fiber(hereinafter abbreviated as "meta-ar i ™ in some cases) represented by
poly-m-ne , sophthal,amide is particularly useful as a heat resistaled flame retardantmethods--for pr
Ju cing such a meta-aramid fiber, the following two methodls ot (a) and have been employed.
Furthermore, as method- for producing the meta-aramid fiber other than these methods, methods such
as to (e) have also been proposed. [0003] (a) A method for producing a meta-aramid fiber by
subje 1g rr-pnenyi. enediairi e and i sop ha loyi oh] or ..de to low temperature solution polymerization

in N. N-dimethylacetpnid 6. prepare,a poy-mighanylane jsoohualamnide soluon,

. : . uch
neutralizing oric acid ty-produced in the solution wi & to obtain a po?ymer

solution contaiping.calgium ¢hlprde, ang.dryssp Byng, the resuliing polymer solution (patent document
1: JP-B-35-14399) . 15hod of isolating a powder of a poly-m-phenylone isophthalamide polymeging an

organic solvertsystem fop example, tetrahydrofurab whighdsmot a-gead solvent-for a praduct
pblyamide comprising a m-phenviLenediamine salt and isophthaloyl chloride into contact with an
aqueous sotution-20-system2cortai lpgran ordanic acidseceivingeagentandraoselublecneutral sal* t
document 2: JP-D-43-10863) , and re-dissolving t is polymr powder in an amide-based so] vent,
followed by tspinhing ir antagqueoas coagekatiop battreentaininginorganic(patent.document
JP-B-48-17551).

[0003]

(a}) A method for producing a meta-aramid fiber by
subjecting m-phenylenediamine and isophthaloyl chloride to low
temperature solution polymerization in N,N-dimethylacetamide

10 to prepare a poly-m-phenylene iscophthalamide solution,
thereafter, neutralizing hydrochloric acid by-produced in the
solution with calcium hydroxide to obtain a polymer solution
containing calcium chloride, and dry-spinning the resulting
polymer solution (patent document 1: JP-B-35-14399).

15 (b) Amethod of iscolating a powder of a poly-m-phenylene
isophthalamide polymer by bringing an organic solvent system
(for example, tetrahydrofuran) which is not a good solvent for
a product polyamide comprising a m-phenylenediamine salt and
isophthaloyl chloride into contact with an agueous solution

20 systemcontaininganinorganicacidreceivingagent andasoluble
neutral salt (patent document 2: JP-B~47-10863}, and
re-dissolving this polymer powder in an amide-based solvent,
followed by wet-spinning in an aqueous coagulation bath

containing an inorganic salt (patent document 3:

25 JP-B-48-17551).



[C004] (c) A method for producing a formed article such as a fiber by a wet-formif,/, me t d from a
meta-aramid solution containing no inorganic salt or a slight amount (2 to 3%) of lithium chi nri de
prepared by dissol-ing a mera-aramtd synthesized a solution pol ymeri zation method in an
amlde-basec solvent 'patent document 4: JP-A-50-52167 ?d1 A method of ext ding arc-La

&L ail:Ipoi-inn solution obtained by sotuition porymerization in an am e-based solvent and c.ontaining
calcium chloride, formed by neutralization with urn hydroxide, calcium Le, and a gas through orifices to
allowo pass througq J@g@]as, there after, introducing itto an aqueous coagu at tog bath, and then, all
owing it to pass through an aqueous solution of an inorganic salt such as calcium chloride to form the

solution into a fibroys material.(patent document,5: JP-A:56:31009)... . ; (). Amethod.of spinning a

meta-ar amidpolymer solution obtained by solution polymerization in an. amide-based solvent and
containing ealgitim ghjoride, fo by newtralization with 20ealcium hydrexide,calxidenr; the like, and
water into an agueous cca.gulati. on tarn containing -orlde in a h-gh concentration through orifices to
form the solutionsntoia fobreas materaliq; :aton: dedumc L 63dP-An074Lfl, pateat cufuneny /:
JP-2-1-10-88421 , and the ifiel. [0005] However, according to the above-mentioned method (a),
in the fibrous. polymrer solution spein from@espinningdig,dhe solvent is vaborinkedeard - driedifrom the
vicinity a. summffa of the fibrous material formed because of dry .spinn so that a dense and firm shin
layer is formgd ohsesurfate biithexfibero AceordinglyCit Fias been difficult o reAtdvelsufficiently the
residual 1 solvent, even when the fibrousmsteri. ails continuously rinsed by water washing or the like.
Thud, yello#ihg'Ras 8écitrein'thB fibeP Dbt Aine @ bytRe thot h. 1f af'thetine’ddf use under a
high-temper ure atmosphere due to the solvent remaihind in the fiber. For this reason, it.is necessary

no EIVCile heat treafment 5t high témperatirss: AS 2 Fsuft; therd hastteed s probier that'it is difficult

te increase ghe strenath, On the piher hathe Abovs-erforeletiod 1 o pased solvent

10  andcontaining calciumchloride, formed by neutralization with

calcium hydroxide, calcium oxide or the like, and water into

a gas through orifices to allow 1t to pass through the gas,

thereafter, introducing 1t into an agqueous ccagulating bath,

and then, allowing it to pass through an aqueous solution of

15 an inorganic salt such as calcium chloride to form the solution

into a fibrous material (patent document 5: JP~-A-56-31009).

(e) A method of spinning a meta-aramid polymer solution

obtained by solution polymerization in an amide-based solvent

and containing calcium chloride, formed by neutralization with

20 calcium hydroxide, calcium oxide or the like, and water into

an agueous coagulation bath containing calcium chloride in a

high concentration through orifices to form the scolution into

a fibrous material (patent document 6: JP-A-8-074121, patent
document 7: JP-A-10-88421, and the like).

25 [0005]



15, evaporation of the solvent in the spinning step dbes  occur becaue of wet spi.nning. However,
when the polymer formed into s form is introduced into the aqueous coagulation bath or the aou-Dus
coagulation bath _ontain the inorganic salt in a high concentration, the solvent is 20 released from the
vicinity of a surface of the fi..brous polymer Into the acueo us coagulation bath, and simultaneously,
‘ter conta ied in g the coagulation bath liquid enters the fibrous material from the vicinity of a surface-
of the coagulated fibrous material to form a firm skin layer. For this reason, it has been difficult to

remove sufficiently the solvent remaining in the fiber, and coi oration. and discoloration (particularly
yellowing) under & R Se BeraL e & MiLphere 816 13 170 Toaual Saent fave dar. beeh avorded.

similar to the,fiber formed by the dry,spinning method. Accordingly.i also for the fiber obtained by the

methoto, it is necessary to evatreatment at high temperatures, and there has been still eft the problem

that iris di flicu It tg.erease;the-strength of they fiber, [0006] 10furher; patent document:8, (L

-A-2001-348726) Proposes a method of coagulating a meta-aramid solution to a fibrous material
having poress thereafterr beat stretehing the fibrous materiad. irthe aiswhite contaiajong @-aoaoualtion
liquid in the pores or a state where a pies .sicezing liquid is allowed 15 to be contained in the pores,
and successiviely heating therfibrousmateical ws_fie containing: the coagelation liguitiardhe like in the
pores, followed by heat. treatment. According to the method described in patent document in the step
where the rmetacaraniid solution issferimedrinto thel 20:filrdus neaterial y:Esagulation, théresis obtained
the porous fibrous material having sut t tiall no skirilayerona surface thereof. However, when the
porous fibréiRSmatetiafcontaining v pi Fasticazify ligRicPis heated! itbeésmes sSighiiieentiy d fficult to

successively remove thc solvent.As a result, ‘ ,
finsed by water washing or the like. Thus, vyellowing has

occurred in the fiber obtained by the method (&) at the time

10 of use under a high-temperature atmosphere due to the solvent
remaining in the fiber. For this reason, 1t 1s necessary o
avoid heat treatment at high temperatures. As a result, there

has been a problemthat it isdifficult to increase the strength.

On the other hand, in the above-mentioned methods (b)

15 to {(e), evaporation of the solvent in the spinning step does
not occur because of wet spinning. However, when the polymer
formed into fibrous form 1s introduced into the aqgueocus
coagulation bath or the agueous coagulation bath containing

the inorganic salt in a high concentration, the solvent is

20 released from the vicinity of a surface of the fibrous polymer
into the aqueous coagulation bath, and simultaneously, water
contained in the coagulation bath liquid enters the inside of

the fibrous material from the vicinity of a surface of the
coagulated fibrous material to form a firm skin layer. For

25 this reason, it has been difficult to remove sufficiently the



25 also for the fiber obtained by this method, coloration and larlyyellowing)undera high-temperature
atmosphere due to the residual solvent have not been avoided. Accordingly, also for the fiber obtained
by the method described in patent document 8, it is necessary to avoid. heat treatment at high term r
u. es, and there has been eft. the problem. th..at it is difficult to inbrease the st rength of the fiber.
Patent documents 9 and 10 describe meta-type wholly 10 aromatic. polyamide fibers contatning a
layered clay mineraj. The meta-type wnott aromatic polyamide fibers described in patent documents 9
and 10 becamefibers, having 2 low residual.solvent amaunt by blendinb of the ayered clay mater...l
However, these. Fayeredm(ﬁ_y mlﬁeral-contalnlngmgta- ype wholly aromatic polyaunidefﬁ ers are low in

insulation properties.whichcharacte g a ff potyamide, andthe layersd 9@@@9@%@%@@@?@“

scatters at the time of cult ng proc g or twisting processing in some cases. Accordingly, further

improvement has been seouided from 20 vie of impravement.ofdnsulation; (properties andprevention of
dropping off and scattering of the layered clay miner-al. LOO081 Patent document 1 | describes
a meta-tyr_swhelly aromatici2b-pel-amide fiber excellent in high-terperatureqpreeassapiity, which is
C11 a YVICt- nr yedin that the amoof solveremaining in he fiber is 1.0% by weight or less, that the dry
heat shrinkades pelfcentageat 366 DO ist3 sneand th;e4tethedireaking 80O rengtheof the fibersis 3.0
c..N/dtex or Fiore. However, in parent document 11, a fiber having a breaking strength. of 4.5 clvdtex
or mrre is noErepdEtedyand farterdniprevermenthiasbéer frecuired withhrespettitossuchaii ghbreak ing
strength and dimen sional stability as ire for base fabrics use of hi.oh-ternneratui a filters, rubber

reinforcemeseaiidl fhieslike Lo 20 [Prior-ARDdchTeRsi JPafdht Botumént [odof ficult to

increase the strength of the fiber.
[0006]

10 Further, patent document 8 (JP-A-2001-348726) proposes
a method of coagulating a meta-aramid solution to a fibrous
material having pores, thereafter, heat stretching the fibrous
material in the air while containing a coagulation liguid in
the pores or in a state where a plasticizing liquid is allowed

15 to be contained in the pores, and successively heating the
fibrous material while containing the coagulation liquid or
the like in the pores, followed by heat treatment.

According to the method described in patent document 8,
in the step where the meta-aramid solution is formed into the

20 fibrous material by coagulation, there is obtained the porous
fibrousmaterial having substantiallynoskinlayer onasurface
thereof. However, when the porous fibrousmaterial containing
the plasticizing liguid is heated, it becomes significantly
difficult to successively remove the solvent. As a result,

25 also for the fiber obtained by this method, coloration and



[Patent)Document [PatentDocument [Patent Document [Paten!:Document [Pate.-itilocumen
[PatentDocument [Patent Document [Patent Document [Patent Document [Patient Document [Patent
Document 1] 2] 4] 5] 6] 7] 8] 9] 10] 11] JP-D-35-14.399

discoloration {particularly vellowing) under a
high~temperature atmosphere due to the residual solvent have
not been avoided. Accordingly, also for the fiber obtained
by the method described in patent document 8, it is necessary
5 to avoid heat treatment at high temperatures, and there has
been still left the problem that it is difficult to increase
the strength of the fiber.
[0007]
Patent documents 9 and 10 describe meta-type wholly
10 aromatic polyamide fibers containing a layered clay mineral.
The meta-type wholly aromatic polyamide fibers described in
patent documents 9 and 10 become fibers having a low residual
solvent amount by blending of the layered clay material.
However, these layered clay mineral-containing meta-type
15 wholly aromatic polyamide fibers are low 1in insulation
properties which characterize a meta-type aromatic polyamide,
and the layered clay mineral drops off and scatters at the time
of cutting processing or twisting processing in some cases.
Accordingly, further improvement has been required from the
20  wviewpolnts of improvement of 1insulation properties and
prevention of dropping off and scattering of the layered clay
mineral.
[0008]
Patent document 11 describes a meta~-type wholly aromatic

25 polyamide fiber excellent in high-temperature processability



JP--47-10863 'B-43-17551 JP-A-50-5216V JP-A-56-31009 JP -A-8074121 JP-A-10-88421
JP-A-2001-348726 JP-A-2007-254915 JP-A-2007-2¢c2589 wA.-2007/0890 [Disci. osure of the
Invenvion, rProblems That the Invention Is to Solve] [0010] The present inventlon has been
made in view of the above-mentioned conventional arc, and an object Lcof is to prccd a novel
meta-type wholly aromatic bolya ide fiber which has a high breaking strength and can .inhihit coloratio
discoloration under high temperatur , while retaining l.atent properties of the meta-typewholly aromatic

polyamide fiber, such astance and flame retardancy[Means, for Selvng the,Problems}, 10[0011]
In order solve the above-mentioned problem, the present Inventors have made intensive studies. As a

result, it has:been foupd .outthatthe abeve;mentioned brabien, can be solved by approptately
controllin, components or conditions of a
percentage at 300°C is 3% or less, and that the breaking strength
of the fiber is 3.0 cN/dtex ormore. However, inpatent document
5 11, a fiber having a breaking strength of 4.5 cN/dtex or more
is not reported, and further improvement has been required with
respect tosuchhighbreakingstrengthanddimensional stability
as required for base fabrics use of high~temperature filters,
rubber reinforcement use and the like.
10 [Prior-Art Documents]
[Patent Documents]
[0009]
[Patent Document 1] JP-B-35-14399
[Patent Document 2] JP-B-47-10863
15 [Patent Document 3] JP-B-48-17551
[Patent Document 4] JP-A-50-52167
[Patent Document 5] JP-A-56-31009
[Patent Document o] JP-A-8-074121
[Patent Document 7] JP-A-10-88421
20 [Patent Document 8] JP-A-2001-348726
[Patent Document 9] JP-A-2007-254915
[Patent Document 10] JP-A-2007-262589
[Patent Document 11] WO-A~2007/089008
[Disclosure of the Invention]

25 [Problems That the Invention Is to Solve]



u coagulation bath so as to give a dense coagulation state having no skin-core structure, performing
plastic str etching within specific ratio, and further making subsequent h.eat stretch conditions proper,
thus leading to the completionthe present invention . 20That is to ay, the present invention is
ameta-type wholly aromati ¢ bolyamide fiber containing substanti Ily no layered clay mineral, and a
meta-type wholly aromatic poly Aide fiber in which the: amount of solvent remaining in the fdber is
hymass or less based on the whole fiber, and the breaking strength of the fiber is from 4.5 to 6.0
cfljdtex. Here 6%@1 eta'-type wholly aromatic polyaffide fiber of. the present invention preferably
has a dry heat shrirgkageggercentage at 30000 of 5.0% or less,. Further, the. meta-type wholly

aromatic polyamideﬂi'{lgerér of the present, invention gg_efg@g}y has.an initial glastic modujys of 800 to

1,500 oN/IrscH [Advantages of the Invention] [00 1 2. j. According to the present invention, there is

provided. 192 metatype; whelly arerpatic pelyamide fibex (particularla poly-m-phenyiene,
isophthalamide-based fiber) which is good in mechanical characteristics, heat resistance and the like,

has an extremely shght-ameunt.of sotvent remaining indthe fiber, and containsisubstantiatly no layered
clay mineral. The fiber 15 of the present invention has strength in addition to latent properties of the
meta-type whelly:artomatictpoiyamide fiberssurhrassheataesistance land flame retardancy;and can
inhibit coloration or discoloration (particularly yellowing) of the fiber or a fiber product in processing and
usage undérisigh 2onemiperaturés.rAeesilinglyL thefiberof theorésehtinvéntioibeadmes usable
even in fields in which the conventional meta-type wholly aromatic polyamlde fiber cannon be used,
and the indUsiit valtgtheredfis extreriely Righ! {vtote foF Cafryirg But He rvention] (00131

such as heat resistance and flame retardancy.
[Means for Solving the Problems]

10 [0011]

Inorder tosolve the above-mentionedproblem, thepresent
inventors have made intensive studies. As a result, 1t has
been found out that the above-mentioned problem can be solved
by appropriately controlling components or conditions of a

15 coagulation bath so as to give a dense coagulation state having
no skin-core structure, performing plastic stretching within
a specificratio, and further making subsequent heat stretching
conditions proper, thus leading to the completionof the present
invention.

20 That istosay, thepresent inventionisameta-typewholly
aromatic polyamide fiber containing substantially no lavered
clay mineral, and a meta-type wholly aromatic polyamide fiber
in which the amount of solvent remaining in the fiber is 1.0%
bymassor lessbasedonthewhole fiber, andthebreakingstrength

25 of the fiber is from 4.5 to 6.0 cN/dtex.



<Meta-Type Wholly Armati, Po amide Fiber> The mete-type wholly aromam Ic polyamide fiber of
the present invention has the followi..nn soeciftc physical properties. E physical properties,
constitution, production method and the like of the meta-type wholly aromatic. D tvamde fiber of
ht.-prese tichwilibedescribb )elow. roC14] [Physical Properties of Meta-Type Wholly Aromatic
Polyamide Pacer] InThe meta-type wholiv aromatic poi abide | bar of the present invent. has a
breal-istrength within the  etermined ranae and has an extremely small amount of solvent remaining
in the fiber. Er oil belly, the mete-type wholly aromatic poyamide, fiber of the invention is ameta type
Polly aromatic poTy THTE SGI GOk Ghnd Eabtlanialh 3 Ayorad orsy Mt Gfalte Bmgurtof

-olventremaining.in the k.. fler js, 1,0% By ”%aééfoé J%%g@“%@e bregking ﬁé@@g@ﬁq {he fiber is from

4.5 to 6.0 cN/dtex. For this reason, the mete-type wholly aromatic poiyamT r of the present Invention
can inhibit %%qr@@'%Q%Qisgel%@mofotbes‘ib@é ox, the product essmn, and usage under high

temperatures. [0015J [Residua | Solvent Amount A me..wholly aromatic plyamide fiber Is generally a
polymer in an amide~basedventihat ihe-sal vepo inevitablyremaln in-the fiker Howeverdn the
meta-type wholly aromar ic. -olyamide fiber of the present snvention, the amount of solvent remaining
in the fiber isfl.@%=bymass ot 5iless:-hasethom thef mass bf thesfibern Itis essentially As0%dy mass or
less, and more preferably 0.5% bv mass or less. Particuiarly preferably, it is from 0.01 to 0.1% by
mass. Whien the sdlvérittetmains intHe fithemin‘an amount exceeding T . 0% by mass based on

the massof the fibe- , it is unfavorahle
[Advantages of the Invention]

[0012]
According to the present invention, there is provided
10 a meta-type wholly aromatic polyamide fiber (particularly a
poly-m-phenylene isophthalamide~based fiber) which is good in
mechanical characteristics, heat resistance and the like, has
an extremely slight amount of solvent remaining in the fiber,

and contains substantially no layered clay mineral. The fiber

[U=Y
Ul

of the present invention has strength in addition to latent
properties of the meta-type wholly aromatic polyamide fiber,
such as heat resistance and flame retardancy, and can inhibit
coloration or discoloration (particularly yellowing) of the
fiber or a fiber product in processing and usage under high
20 temperatures. Accordingly, the fiber of the present invention
becomes usableeveninfieldsinwhichtheconventional meta-type
wholly aromatic polyamide fiber cannot be used, and the
industrial value thereof is extremely high.

[Mode for Carrying Out the Invention]

25 [0013]



10 because yellowing is liable to occur and theen th ifican ly decreasod in the case of processing or
usag such a high temperature atuas exceeding 2009C. In the present inventto decrease the res Lit
solvent amount In the met type wholly aromatic polysmide fiber to 1.0% by mass or iess, plastic
stretching is performed wi.thi the sueiC ratio range, and further, subsequent heat stretching conditions
are made proper. Incidentalit, the term "the amount of solvent remaining in the fiber" in the
present invention ears the value obtained 20 by t e following me thod [001r weasurinQ Method of
Residual Solvent Amoiint - Ty oEherfiberis sampled at-am exit sidesef arrinsing step. The-, the fiber is
centrifuged m.her of revoluti ns: 5,000 rpm for 10 minutes, and the fiber mass (Ml) at this time is
measured. This fibéltis boied: inck32=g by mdss af mettarnoi for4 hauisito extract thefamidebased
solvent and water in the fiber. The fiber after extraction is dried under an atmosphere of Jfor 2 hours,
and the fibermass: (P) aftercjuglis'measufed tRErtheéry theomass cofpentiationof they amidelbased
solvent contained in an extract is determined with a gas chromatograph. The amount of
solventremaifiigiA-AL €% idestasetsolvESYRiL iSThiculatstPBy theei ioeifig eguafion, Usihg MI, h2 P

and C described above. , .
5 production method and the like of the meta~-type wholly aromatic

polyamide fiberof thepresent inventionwill bedescribedbelow.
[0014]
[Physical Properties of Meta-Type Wholly Aromatic
Polyamide Fiber]

10 The meta-type wholly aromatic polyamide fiber of the
present invention has a breaking strength within the
predetermined range and has an extremely small amount of solvent
remaining in the fiber. Specifically, the meta-type wholly
aromatic polyamide fiber of the invention is a meta-type wholly

15 aromatic polyamide fiber containing substantially no layered
clay mineral, the amount of solvent remaining in the fiber is
1.0% by mass or less, and the breaking strength of the fiber
is from 4.5 to 6.0 cN/dtex. For this reason, the meta-type
wholly aromatic polyamide fiber of the present invention can

20 inhibit coloration or discoloration of the fiber or the product
in processing and usage under high temperatures.

[0015]
[Residual Solvent Amount]
B meta-type wholly aromatic polyamide fiber is generally

25 produced from a spinning stock solution formed by dissolving

10



N-[0/1001x[(M1BM2-P)/P]x100 [0017] [Breaking Strength[ The meta-type wholly aromatic
pulyamide fiber o the uresent invention has a breaking strength ranging from 4.5 to 6.0 cN/dBex. is
essentially within the range of 6.0 cNidtex, preferably within the range of 5.5 to 6.0 cN/dtex, more
preferably within the range of 3.7 to 6.0 cN/dtex, and more prefera within the range of 5.8 t0 6.0
cN/dtex. When the breakingstrengttlislesstlh. 4 . 5 cN/dtex, the strength of the resulting product mlow.
Accordingly, it ca not unfavorably resist the use in its applications. On the other hand, when the

breaking stren%tgleg%gggdsl g.o cN/dte ., rée_ gIé)snggtiosnoﬁqftésﬁgntiag%aecg%atse%t}%s%c(plaY] ghIJ;;ZS
it t

handling of the product becomes difficult. n order to adjust the "breaking s7rength™ within the

above-mentioned range.in the, meta-type wholly-aromatic polyamide fiber of-the present inyention,
components or conditions of a coagulation bath are appropriately controlled S so as to give a dense

coagulation,gtateihaving neskin.core, structure,;plastic stretehipg ds performed withim a spesific ratio,
and further, subsequent beat stretching conditions are made proper. [0018i 10Incidentally, the term
"breaking stiengtht incthespresentinventionmeans the valué obtained by .perfosmimaeasurement,
based on Jill L 1015, using a measuring instrument (model nucrber 5065) manufactured by instron
Corp., tindet ¢ follondng conditions2E5(MeasuringtCorditions) Claccsp. sdistanee: 120 mnd hitial
tension: 0.044 clq (1/20 g)/dtex Tensile speed: 29 ram/min [C019] 20[Breaking Elongacioni
by mass or less, and more preferably 0.5% by mass or less.
Particularly preferably, it is from 0.01 to 0.1% by mass.
Whenthesolvent remainsinthe fiber inanamount exceeding
1.0% by mass based on the mass of the fiber, it is unfavorable
10  Dbecause yellowing 1s liable to occur and the strength is
significantly decreasedin the case of processing or usage under
such a high temperature atmosphere as exceeding 200°C.
Inthepresent invention, inorder todecrease theresidual
solvent amount in the meta-type wholly aromatic polyamide fiber
15 to 1.0% by mass or less, plastic stretching is performed within
the specific ratio range, and further, subsequent heat
stretching conditions are made proper.
Incidentally, the term “the amount of solvent remaining
in the fiber” in the present invention means the value obtained
20 by the following method.
[0016]
(Measuring Method of Residual Solvent Amount)
The fiber is sampled at an exit side of a rinsing step.

Then, the fiber is centrifuged (number of revolutions: 5,000

25 rpm) for 10 minutes, and the fiber mass (M1l) at this time is

11



The meta-type wholly aromatic polyamide fiber of the present invention has a breaking elongation of
preferably 15% or more, more preferably 18% or more, particularly prM'le.:1,..8ably 20% or more.
When the breaking elongation is less than 15%, process-passing properties in after-processing steps
such as spinning unfavorably deteriorate. Ir the present inventton, the "breaking elongation” of the
meta-type who,.1T romat.ic poi yamide fiber can he conro.J.l..ed by forming a dense coagulation state
navinb no skin-core st .uctu re in a coagulation step ii a oroductionprooessdescrib.a later. In order

adjuat the. heeaking-elongation ta- 15%-0r MOk, anagquepus;solution ef:anamiderbase selvent ( f
orte.:.Kample , NNP (N-methyl-2- irrolidonhaving a concentration of 45 to 60% by mass may be used
as a coagulationand thes10 temperaiure oftthe hathiliquid seay be adjusted: o116 4a 50C iincidentally,
the term "breaking elon9 Lion" as used bereinmeans the value obtained by performingmeasurement,
based on lliste 10115 underliesabiovesmentioned needstit;s-g ¢o of thedbreakingrstrengthr!’ 15[0020]
[Dry Heat Shrinkage Percentage at 300C] Further, the meta-type wholly aromatic poiyamide fiber
or The preserti2 $ivention has'd BnfhéatshrifkageSpercetage af 306¢C 6fsreferBbly?S.096or less,
more preferably within 20the range of 1. 0 to 4.0%. . In the case where the dryshrinkage percentage.
at 300€ is Righ  SHtinkage ot the fiflerrs WHern e = - i, %ﬁ%&i@%&%@%é&?&ﬁ@h&énp%?ature, )

that it becot es difficuylt _t%adgsi n the fibe{ struc%ure. Tge,above-mentionted,drydhetat shrink%ge
percentagei %r%f?ajr y %bﬁ OSfBOV§% contaline 1n an extrac 13 etermine

with a gas chromatograph.
The amount of solvent remaining in the fiber (amide-based
solvent mass) N% is calculated by the following equation, using
10 M1, M2, P and C described above.
N=[C/100]x[ (M1+M2-P) /P]x100
[0017]
[Breaking Strength]
The meta-type wholly aromatic polyamide fiber of the
15 present invention has a breaking strength ranging from 4.5 to
6.0 cN/dtex. It is essentially within the range of 4.5 to 6.0
cN/dtex, preferably within the range of 5.5 to 6.0 cN/dtex,
more preferably within the range of 5.7 to 6.0 cN/dtex, and
still more preferably within the range of 5.8 to 6.0 cN/dtex.
20  When thebreakingstrengthislessthan4.5cN/dtex, the strength
of the resulting product is low. Accordingly, it cannot
unfavorably resist the use in its applications. On the other
hand, when the breaking strength exceeds 6.0 cN/dtex, the
elongation substantially decreases to cause such a problem that

25 handling of the product becomes difficult.
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In or-e above-mentioned dry heat shringe percentage at 300C to 5.0% or less in the eta-type wholly
aromatic polyamide fiber of the present invention, the heat treatment temperature in a heat stretching
step in a 5 production bil)cess describodlatermaybeadj e range of 310 to 335C. Less than 310C results
in an increase in dry heat shrinkage percentage, whereas exceeding 335C results in a decrease in
strangeland the occurrence of coloration due to heat deterio atien of the polymer. 1 OIn-c.i den tally,
the termheat shrinkage percentage at 300C" in the urcsent invention means the value obtained by the
Lellowing method. [0021] (Measuring d4etnoo of Dry Heat Shrinkage Percentage at 30Vc; A load
or 98 cM (100 g) is Eﬂlnﬁ] ﬁ%ll%roﬁé) e%éjjolf Sa?ttogvggf abt%)oru?%, dt%%gﬁg FnharkégJ %1?321 ﬁ}t &nhffositions 30

cm apart o sagh et Aderremoyal.of the logd L edow s place uodsran atmaspliere of 300C

for 15minutes, andthen, the length L between the marks is'measured_ The value obtained by the

following equafignbased an fe:measurementtestll: (cmhs fakenas the dppeatsfrinkage

percentage at 300C. [Initial Elastic Moduiu Furthermore, fiber of the pres of oreferabig
meta-type wholly arematicpolyamidg ltinvention Pas an-initigkelastic modulys-ontrolled
5 S0 as to give a dense coagulation state having no skin-core
structure, plastic stretching is performed within a specific
ratio, and further, subsequent heat stretching conditions are

made proper.

[0018]

10 Incidentally, the term “breaking strength” in the present
invention means the value obtained by performing measurement,
based on JIS L 1015, using a measuring instrument (model number
5565) manufactured by Instron Corp., under the following
conditions:

15 (Measuring Conditions)

Clamp distance: 20 mm

Initial tension: 0.044 cN (1/20 g)/dtex
Tensile speed: 20 mm/min

[0019]

20 [Breaking Elongation]

The meta-type wholly aromatic polyamide fiber of the
present invention has a breaking elongation of preferably 15%
or more, more preferably 18% or more, particularly preferably
20% or more. When the breaking elongation is less than 15%,

25 process-passing properties in after-processing steps such as
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ha e of 900 to 1,500 cid/rhm2When the initial elastic modulus as within the ranue of 800 to 1,500
cN/mbhr the fiber tructure formed becomes diffito deform by external force. rdingly, when it is used
for a base fabric of a )n-woven fabric and the like, it becomes easy to secure dim sponal 10accuracy.
J.: to adjust the above-mentioned ir tial elastic mock': s to 800 to 1,500 c\T/mm2 in the meta-type
wholly aromatic polyamdde fiber of the present invent. on, plastl, stretching may be performed at a rath
o within the range of 3.5 to 10.0 15 times in a plastic scratching step of a prouuction process described
later. When the stretchin%gﬁatio is | s%s thﬁ]nt?;.S timesﬁthe initial elastic modulus does not tea h the
desired val(ié. On the’other hand, when the rati.o’ itsahlffher nan 10.0 yarn breakage frequently

occurs, resulting in ggt%qoéga ope%fﬁ%qc. $S, Qg?gggan%h - _g}g;édaeﬂ?ﬁl ,he termiini g;gbelggic

modulus" as used hereinmeanss the value obtained hyperforminomeas ement; based on :HS L.

101_5, uhciheahove:mentipned measuyr, g conditions,of. the threaking, strength,25{9023] oss

Sectional Shape and Fineness of Monofilament] Incidentally, the cross-sectional shape
oftheweta-type whelly: argmaticipalyamide-finer of the,presemtdnvention imnaybes Cif iafsshape, an
iptical shape or arbitr ary shapes, and enerally, the fineness of a monofilament (monofilament
finenegs] ispreferably avithia thesrangetof €h516.0 dtexp r odukurther, ihe meta-type-whollycaromatic
polyamide fiber of the present invention is obta' by wet spinning using. a 10 spinning die having a
number of Spifiting holes cantEobtained] forséxample; as aktonsof200:t=70,000 dtex throagh 100,000
holes per spinning die, p eferab7 2,000 to 45,000 dtex through 1,000 to 20,000 holes per spinning die.
[0024] 15[CnstitutiernrefMetas TypeWhelh Aromatié Polyamidejsolvent (forexample,

NMP (N-methyl-2-pyrrolidone) ) having a concentration of 45 to
60% by mass may be used as a coagulation liguid, and the
10 temperature of the bath liguid may be adjusted to 10 to 50°C.

Incidentally, the term “breaking elongation” as used
hereinmeans thevalueobtainedbyperformingmeasurement, based
on JIS L 1015, under the above-mentioned measuring conditions
of the “breaking strength.”

15 [0020]

[Dry Heat Shrinkage Percentage at 300°C]

Further, the meta-type wholly aromatic polyamide fiber
of the present invention has a dry heat shrinkage percentage
at 300°C of preferably 5.0% or less, more preferably within

20 therangeof1.0t04.0%. Inthecasewherethedryheat shrinkage
percentage at 300°C is high, shrinkage of the fiber occurs when
a fiber structure formed is exposed to high temperature, so
that it becomes difficult to design the fiber structure. The
above-mentioned dry heat shrinkage percentage is preferably

25 about 0.1 to 3%.
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eta-type wholly aromatic polyamide constitutithe meta-type wholly aromatic polya]:aide fiber of the
present. invent on is co.posed of a mete-type aromatic diamine component and a meta-type aromalLiL.
d carboxylic acid component, and 20 another copolyme-rizable component such as a para-type may
be copolymerized within the range not impair the object of the present invention. Particul.arly
preferabi used in the present invention is a meta-type wholly aromatic po ,mainly composed of
ardancy. As the meta-type wholly aromatic polyanide composed of m-phenyie

eisoohthalamideuni&smth%rg-(p@gn)g%i ygi sé%eag%ntaé@l%d igggvam%%ntto{ (pr%fgraglfy}/% }gr'leoa!jtor more,
more preferably 95 moll or more, pa icular preferably 100 mon, ased on the whole repeating u:r.its.

00231 oy, 5 Materials for Metas TybesWhally, Aromatic Polyamide] 10¢Meta:Type Aromatic 11)

andne Component) As the meta-type aromatic diamine components used as raw mater Is for the
eta-type wholly, argmatie polyamdde, therescan beexemel.fied-mephanylenediaming.3,41ndiami
odiphenyl ether, 3,4'-diaminodiphenyi sui o-e and the like, and 15 derivatives thereofwhich an
aromayic ring tnexeektiesra substituent sach achalogen oraartalkyl.group having d<to carbos atoms, for
example, 2,4-toiyienediam e 2,6-toiyienediamtne, 2,4-diaminochlorobenzene, 2, 6-diartinoc
hiorobecizene ot the likey Above ali, preferred dsimphenytenedio @zorie ora mixed«iaminecontaining
m-phenylenediamine i nan amount of 85 moli Of more, preferably 90 mol% or more, particularly
preferably 95méiB o more>[0b26]Less than 310°C results in an increase in

dry heat shrinkage percentage, whereas exceeding 335°C results
in a decrease in strength and the occurrence of coloration due
to heat deterioration of the polymer.

10 Incidentally, the term “dry heat shrinkage percentage
at 300°C” in the present invention means the value obtained
by the following method.

[0021]

(Measuring Method of Dry Heat Shrinkage Percentage at

15 300°C)

A load of 98 cN (100 g) is hung from one end of a tow
of about 3,300 dtex, and marks are put on positions 30 cm apart
from each other. After removal of the load, the tow is placed
under an atmosphere of 300°C for 15minutes, and then, the length

20 L (cm) between the marks is measured. The value obtained by
the following equation based on the measurement result L {(cm)
is taken as the dry heat shrinkage percentage at 300°C.

Dry heat shrinkage percentage at 300°C (%) =
[(30-L)/30]x100

25 [0022]
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(Meta-Type Aroma- ic Dicarboxylicd Component) acid component constituting the mete -type wholly
aromatic pcivamideinclude,forexanpi e,meta-typearomatic dica r-o-ylib acid dlhalides. As the
meta-type aromatic dicarboxylic acid dihal ides, there can be exemplified isophthalic acid dihal ides
such as isoghthaloyl chloride and isophthaloyl bromide, and derivatives thereof in which an armati,
ring thereof has a substi uent such as halogen or an alkyl group having 1 to 3 carbbn atoms, for
example, 3-cnioroasophthaloyl chloride and he like. Above ail, oreterred is isoptt.riaaoyl
culoricieiuuLbb xecicarboxylic acid halide cgntaining isophthaloyi chloride in an amoun of 85 molt or
more, preferably 90 ?Sl%f %?Crlno%rg,a gégrﬁguc@f‘?a\ﬁrie%gtjably 95 molt or more. [00271 The meta-type

whoromatic poJyamide fiper gf the present invention contains, substangially;no layered.mineraThe

term "containing substantially no layered mineral" means that when the meta-type wholly aromatic

polyamide and-the eta-type whelly-aromatic.gelyamide fiber are pro hoed; 20-ne layered clay mineral
is intentionally added. uagh the concen.tration thereof is not particularly specified, it is, for example,

0.01% by masscardess; fiseferably 6.001% by mass&”, Less;and mose prefer 0.000186 by 4nass or

less. [00281 [Production MethodType Wholly Aromatic Polyarridel 1l production method of the

meta-type TAThoiny arohiatio colyanidelismot particalariyed jand itacare be produtediulus
is within the range of 800 to 1,500 cN/HmF, the fiber structure
formed becomes difficult to deform by external force.
Accordingly, when it is used for a base fabric of a non-woven
fabric and the like, 1t becomes easy to secure dimensional

10 accuracy.

In order to adijust the above-mentioned initial elastic
modulus to 800 to 1,500 cN/mm® in the meta-type wholly aromatic
polyamide fiber of the present invention, plastic stretching
may be performed at a ratio within the range of 3.5 to 10.0

15 times in a plastic stretching step of a production process
described later. When the stretching ratio is less than 3.5
times, the initial elastic modulus does not reach the desired
value. On the other hand, when the ratio is higher than 10.0
times, vyarn Dbreakage frequently occurs, resulting in

20 deterioration of process performance.

Incidentally, the term “initial elasticmodulus” as used
hereinmeans thevalue obtainedbyperformingmeasurement, based
on JIS L 1015, under the above-mentioned measuring conditions
of the “breaking strength.”

25 [0023]
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for example, by solution polymerization,interfacial Ti polymerization or the like using the meta-type
aromatic diamine component and the meta-type aromatic dicarbcxylic acid dichloride component as
the raw materials. [0029] Incidentally, the molecular weight of the meta-type 10 wholly aromatic
polyamide used in the present invention is not particularly limited, as long as it is on a fiber-formable
level. In general, in order to obtain the fiber having sufficient physical properties, a polymer having an
intrinsic viscosity (I .V. ) ranging from 1.0 to 3.0, which is measured in concentrated 15 sulfuric acid at
a polymer concentration of 100 mg/100 mL sulfuric acid at 30 'o is suitable, and a polymer having an
g viscosity rangR QRO S 16 370 15 ATy it FEE 0051 JSBrou EHE Hethod o
Meta-Type WholiyAf @a&ic I?:%ily midC Fi%er> B Thte.m tastype WQO”%’%I Q titc(;)p%ya ide fiber of
the present invention%lslprg ucedlaB/y’ usetlir% the aromatic ﬁgégm%dggbtgine§ﬁ%e above-mentioned

product ionvm%tm% for example 23 throughaspinaingselutionpreparationstep. strething.step, a

rinsing step, a dry Neat treatment step and a heat stretching s:eo wh ich are described be. ¢ [ 0031
[Spinning Selutionreparation Steple, a2 theispinr.klog selutien preparation step; thesmeta-t ype

wholly aromatic polyamide is dissolved in an a de-based solvent to prepare a spinning solution
(mete-type wholly ayomatic pcyyart de pplymensolutionkindthe preparationehthe ispinmning 10sc-1-
utien,amide-based solvent is sually used_ As the amide-based solvent used,there can be exemplified
(monofilament fineness) is preferably within the range of 0.5
to 10.0 dtex.

Further, the meta-type wholly aromatic polyamide fiber
of the present invention is obtained by wet spinning using a

10 spinning die having a number of spinning holes, and obtained,
for example, as a tow of 200 to 70,000 dtex through 100 to 30,000
holes per spinning die, preferably 2,000 to 45,000 dtex through
1,000 to 20,000 holes per spinning die.

[0024]

15 [Constitution of Meta-Type Wholly Aromatic Polyamide]

A meta-type wholly aromatic polyamide constituting the
meta-type wholly aromatic polyamide fiber of the present
invention is composed of ameta-type arcomatic diamine component
and a meta-type aromatic dicarboxylic acid component, and

20 another copolymerizable component such as a para-type may be
copolymerized within the range not impairing the object of the
present invention.

Particularly preferably used in the present invention

is a meta-type wholly aromatic polyamide mainly composed of

25 m-phenylene 1isophthalamide units, from the viewpoints of
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N-methyl- p -rrolidone (NrilP) , dime thyl f oLma IDNIEg , dimethylacet- nide (DM.Ac) or the like. Of
ttoic,-, from the viewooints or solubility and handling safety, it is preferred to use NMP or DMAC.

As for ti solution concentration, from the viewpoi of the coagulation speed in the spinning-coagulation
step o the su.hsenuent step and s .lubiiity of the polymer, a proper concentra Liore approp ately selec
ed. For exampi e, when 20 the polymer is the meta-type wholly aromatic poi yamide such as
poly-m-pnenylene isophthalam ge and the solvent is the amide-based solvent such as NMP, it Ib
usually preferaply with,the range of 10 to 30% by mass, [0032] 25[Spinnino-Coagulationstep]  In
the sptn ng-Coaquiation step, the spinininci sollition mgta-type who y aromatic polyamld% polymer
solution) o@tggéepcgqiogﬁis spun into a coagulation liquid coagulate. spinning apparatus is not
particuled, and a conventicknown wet-spinnicip apparatus can be used. Further, it is unnecessary to

particularly limit Me,aumber,c spinping-hqles; the arranged state thereof; the haleshasca and the like
of the sinc.; die, as long as wet spinning can 16 be stablyper ormed. For cx ample, there may be

usedamulti-Pelespi: nnirg die fer-stapledfiber having 1.Q00:t9,30,000hkoles ang sp Anitg hele diar,eter
of 0.05 to 0.2 mm. Further, the temperature of the spinning solution (meta-type wholly aromatic
polyarfide pelymer lselutiondat.the time whervit issspunifrom dhe sodnnincodiedis shiallip from 26 to
96C. [0033i As a coagJiation bath used Ler obtaining the fiber- of the present ention, there is
used a substantially inorganie salt-freemnielis ed sblvett, prefératslyrar aguestsolutionthaving an
NMP concentration of 45 lo 60% by mass, at a bath ii | temperature rancing from 10 to 50C. When the
concentratiohcoftfe amide-based® solveREEieferably NM?) iz 18ss fHamid5% byhass a structure
having a thick kin is[ B065n5e]d Jtodecrease the (.--H sing eft-Heenpy in the rinsing step.. It

[Raw Materials for Meta-Type Wholly Aromatic Polyamide]
10 (Meta-Type Aromatic Diamine Component)

As the meta-type aromatic diamine components used as raw
materials for the meta-type wholly aromatic polyamide, there
can be exemplified m-phenylenediamine, 3,4’ -diaminodiphenyl
ether, 3,4’-diaminodiphenyl sulfone and the 1like, and

15 derivatives thereof in which an aromatic ring thereof has a
substituent such as halogen or an alkyl group having 1 to 3
carbon atoms, for example, 2,4-tolylenediamine, 2,6-tolylene-
diamine, 2,4-diaminochlorobenzene, 2, 6-diaminochlorobenzene
or the like. Above all, preferred is m-phenylenediamine alone

20 or a mixed diamine containing m-phenylenediamine in an amount
of 85 mol% or more, preferably 90 mol% or more, particularly
preferably 95 mol% or more.

[0026]

(Meta~-Type Aromatic Dicarboxylic Acid Component)

25 Raw materials for the meta-type aromatic dicarboxylic
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becomes therefore diffic.uit to decrease the amount of the residual solvent in the fiber. On the other
hand, when the concentration of the amide-based. solvent (preferabJy NMP) exceeds ou,bymass, the
inside of the fiber cannot, be uniformly coagulated. For this reason, it also becomes difficult to decease
tne amount of the residual solvent in the fiber. Incidentally, the time of immers .on of the ffber in the
coagulation bath i.s suitably within the range of 0.1 to seconds. 10is oreferred that the substantially
salt-free coagulation solution as used herein is suhstaniaily composed of only the amide-based solvent
and water. However, inorganic salts such as calcium chloride acalcium hydroxide are extracted from
the polymerSolltion.86 thit Actuafly) Sthe58 Salts are €ontiinéd.” ¥hE cdagulation"Soidtionir:
smaiIEbnountsL. The,scyitable cor%%e tration_ofthe inorganic salts in industrialggractice is the ranbe of 0.3
0

to 10% by mass'based on the W eeéoaguflgﬁon solition. ftis unsuitable 16 decréase the l|r(1:organic

salt conoeniiatLep 0, \eps thand3% By mass, 20 becayse the.resouerng gos! forpyiication in a

recovering process of the coagulation solution extremely increases. Or the other hand, when the

inorganic salt conecentration exgeeds 10% by mass, fusion.offibers immediatelyafter extrusion fromte
soinn able to occur due to the decreased 25 coagulation speed, and coagulation equipment

necessarily i begomes: large duedodhe pro:enged.coaguation times his,is theneferesunfaverable.

In the present invention, the skin formed on a surface of the fiber can be thinned to form a uniform str
Lure in the insicercafithé fibér, land-furtlaer, thecdbraking elongation ohthesresulting fibherchbabe improved,
by setting the components or conditions of the coagulation bath as described above. By such a
spinning-coagufation step,thetfiber ¢tow) composed of a ‘coagulated hyam lof tiresporous meth type
wholly aromatic polyamide is formed in the codguiation bath, and 'reafte , taken out from the coagul
at.i. on bathfinto'the & J0034] Plastic'Stretchi'gPBath Strefehifg Stepithe plastic stréfchingbath
stretching step, the fiber 15 is stret..ched in a pl-- ing bath, while the fiber obtained by coagulation in

the coagulation " dath°sif Aplastic State. THephistic Sstrafeh.ingbathis nS partiédariyiimited, -and

conventionally known one can be employed. . For.example, an agueous solution comprising an
00 2SS TR ot it A o B BB AR s oA AT o S8 L

Indusnm“%£%§Jﬁggqgggy@g§¥§%%ing isophthaloyl chloride in an amount of

85 mol% or more, preferably 90 mol% or more, particularly
preferably 95 mol% or more.
[0027]

15 The meta-type wholly aromatic polyamide fiber of the
present invention contains substantially no layered clay
mineral. The term “containing substantially no layered clay
mineral”means that whenthemeta-typewhollyaromaticpolyamide
and the meta~-type wholly aromatic polyamide fiber are produced,

20 no layered clay mineral is intentionally added. Although the
concentration thereof is not particularly specified, it is,
for example, 0.01% by mass or less, preferably 0.001% by mass
or less, and more preferably 0.0001% by mass or less.

[0028]

25 [Production Method of Meta-Type Wholly Aromatic
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to use a solvehe same k.indas used in the above-menLioncd coagulation bath. That is to say, the
amide solvents used in the polymer solution, the coagulation bath and the plastic 25 stretching batharb
preferably the same kind, and a sole solvent of met y1-2-pyrrolidone (NMP) Of a mixed solvent
comprising two or more including NMP is particularly preferably used By uang he amide solvents of
the same kind, the recoveri.ne steps can be integrated and simplified, which becomes coon omits
useful. There is a close relationship between the temperature and the composition of the plastic a
.retching bath; and itcan be suitably used when the mass concentration of the amid based solvent is
within the range of 20 to 70% bym ss and the temperature 10is wit bin the range of 20- to 70C. In a
region J.than thesezxranges| plasticizationtof theoporous- fikrods materialhdoes;sufficientty: proceed,
and it. becomes di fflcult to take a sufficient strc tching ratio in plastic s ret ch.ing. On the other hand, n
a region nigherithan these ranes; e surface of/the porows fiberdl 5 mekedand fusedesolthat it
becomes difficul to suff iciently form the fir r. In order o obtain the fiber of the invention, it is
necessary fooadjusttrgsiretching taticin'the phastic Ber cHive bathtdthe rant’e 63 26F0L0 times,
more preferably 20 to the range of 4.0 to 6.5 times. In the present invention, stretching in the plastic
citretching Bath/iéletformed within e abtvetiéttichsatange to/fcreasB e moledlitartha tit
orientation due to stretching, thereby being able to secure the strength of the fiber finally ohtained.
%‘636%§£ ? g Eo qlc

When the s'f%?@rﬁﬁ& Patio tl st éat(_:i%?‘iﬁ%atﬁ iess than 3 51imes; it becomes difficult to

obtain the fiber hflvin breakirg)qnstr% dth_of. 50 cN/dtex aQr more, On the other hand, when the

. 1cn orf%% c%?g ent as.the r%W W? erials. .
stretching rOt 10 exceeds 1. 0 times, monofilament breakage occurs,.ea | d-2, in poor. prod (ft on
stability. The temperature of the pi stic stLi3Lchi ,g bath preferablyw thin the range of 20 to 90C.
Whe-n t .net emberature is within the rangm of 20 to 90C,is preferred because of

Incidentally, the molecular weight of the meta-type
10  wholly aromatic polyamide used in the present invention is not
particularly limited, as longas it isona fiber-formable level.
In general, in order to obtain the fiber having sufficient
physical properties, a polymer having an intrinsic viscosity
(I.V.) rangingfroml1.0t0o 3.0, whichismeasuredinconcentrated
15 sulfuric acid at a polymer concentration of 100 mg/100 mL
sulfuric acid at 30°C, is suitable, and a polymer having an
intrinsic viscosity ranging from 1.2 to 2.0 1s particularly
preferred.
[0030]
20 <ProductionMethodofMeta-TypeWhollyAromaticPolyamide
Fiber>
The meta-type wholly aromatic polyamide fiber of the
present invention is produced by using the aromatic polyamide
obtainedby the above-mentionedproducticonmethod, for example,

25 through a spinning solution preparation step, a
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good prOCMSS performance. The above-mentioned m erature is more preferably from 20 to 60C.
10[0035] [RInsing Step] 'n the rinsing step, the fiber stretched in the olastic stretching bath is
thoroughiy rinsed. The rinsing has an influence on quality of the ifj. er obtained, so that it is 15
preferably performed in multiple stages. In particular, the temperature of a rinsing bath and the
concentration of the amide-based solve sing bath liquid in the rinsing step exert an ine cactexistate of
the'de-based solvent from the fiber an. an enera., g state of water from the 20 rinsing oath into the
fiber. Accordingl}){, also for theotlraptose of c7%—tim, g these itatets, it is pré-:-ferab e.that th ringing step is
performed ift i f?ﬁlg g acgoeas 0 con%r%fltemspe?gwre Condftions and concéntration conditions of the

amide-baseg §%I¥ nt, 25The temperature.con it.ions and the concentrat fon conditions of
theamide-bas?ed so%velntgar%?rel3 t’pgrtgﬁl]&asrmi?n%t;&pés fo%é: sht?e%/%cr?wrs?aati% etrﬁ% aégﬁy%?%e fiber

finally obtained, Howeyver when the £ rstyinging.hath is seLto-a.;high tempegrature of 60C or more,

water enters the fiber 5 at once. Accordingly, large voidse formede fibe to cause deterioia 'a ion of the
quai ty. For this the firgg tinsing bath is preferably set to a low temperature of 30C or less. When the
so ivent is remai ed in the fiber, coloration 10 discoloration (particula yellowing) under high
temperatures cannot peinhibited,sand further, meterioration in ghysical properties, contraction, a
decrease in limiting oxindex (LOT) and tie like occur. Accord is necessary to decrease the amount of
the solvent containetrirtthe fibenofithe present inventiendo 4t0%rby mass Ofdess,tmoreypreferably to
0.5% by mass or less. [0036] Heat Treatment Step] In order to obtai the fiber of the present. invention,
whollyaromaticpolyamide isdissolvedinanamide-basedsolvent
to prepare a spinning solution (meta-type wholly aromatic
polyvamidepolymer solution). Inthepreparationofthespinning
10 solution, the amide-based solvent 1is usually used. As the
amide-based solvent used, there can Dbe exemplified
N-methyl-2-pyrrolidone (NMP) , dimethylformamide (DMFE) ,
dimethylacetamide (DMAc) or the like. Of these, from the
viewpoints of solubility and handling safety, it is preferred
15 to use NMP or DMAcC.
As for the solution concentration, from the viewpoints
of the coagulation speed in the spinning-coagulation step as
the subsequent step and solubility of the polymer, a proper
concentrationmaybe appropriatelyselected. Forexample, when
20 the polymer i1s the meta-type wholly aromatic polyamide such
as poly-m-phenylene isophthalamide and the solvent is the
amide-based solvent suchas NMP, it isusuallypreferablywithin
the range of 10 to 30% by mass.

[0032]

25 [Spinning-Coagulation Step]
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20 the dry neat treatment step is preferably performed to- the- fiber whi-h has passed through the
above--mentioned rinsing step. In the dry lent step, the fiber which has been rinsed by the
above-mentioned r..i rising step is subjected 7C dry heat treat meru. preferably within the range of 100
to 250C, more preferably within the range of 200 to 20 C. Here, the heat treat ePt tEL not particularly
limit cci. However, it is preferably performed under constant length When the dry heat treatment
is successively performed after the rinsing step, fluidity of The polymer is moderately improved to allow
orientation to proceed, whereas to inhi. crystai..li zation, thereby being able to promote d.ensification of

the fiber. In.cidentally! thé abdve entioned I8mperatliré of the Wiy heat treatifentmeans the set

temperature, of a fiber heating mean such as a hot plato or a heating roller. 10my ] [Heat Stretehiro In
me%a. % V%O?? atlcC OQLan&nfL% T%%?%ﬁlﬁ& hgé{u%lodth

the present |(n.vent|ony, fie héat str&ch%@oﬁep IS perl?or o the as passed through

above-me)tioneddryheat freatment sfep: In the heat stretching 15 step, sfrefching of 1,110.1.8 times is

Qerformed while applying heat treatment at 310 to 335cC. When tee heat treatmenttemperature in the
heat stretching step is such a high temperature as exceeding. 335C, the yarp colors and siunificantly
deteriorates, resulting in not only a decrease in strength, but al.so break age in some cases. On the
other hand, at a tempesatufe lowertpaa 310G sufficient crystallization-afithe fiber eanzie.t he attained,
and it becomes difficult to exhibit desired fiber physical properties, that is to say, mechanical
characteristicscsucheastbraking Istrengtivdand:heatccharactes.a Phersisiasclose relat2iskithetween the
treatm perature in the neat stretching step and the density of the resu it ins fiber.In order to obtain a
product hat i patticularlytgood density<of the fibér thve heattréatment températire inuhé heat
st.retching step is preferably adj usted to the range of 110 to 335C. By adjusting the heat treatment
temperaturéin fHeheat'stretehifig stép fo e rabrof 310 fo T B50€ the fibér hay § &arktteat shri

nkage percentage at 300C of 5.0% or less can be obtained__Incid ental.7.y, it is 10 partiT-uTharly
preferred_ thAR. tHE héattreatméntds Uy Feal ffeat mertt San@ e Adat fafifent ehideratiLe in the

heat st etcf}%n tep means the set temperaturefiber heating means such as a hot plate or a heating
roiler.816 ur Stear,%t &tre c%fr%er%ﬁio Ii%wotﬁé? fieat’s Fét(?fgkilr% %tréﬁ %Sgs@i a %:Fogsé1 Félllaangolns%fﬁlt% exhibition

ofthe strenath s elastc modulus of the esulting fher I ordeplp phtalp the fogs oL he present

invention, the stretching ratio is required io me set usually’to 1.1 to 1.8 times, preferably to 1.1 to 1.5

times. By sefting the, stretchingdatio 1o the.20 ghove-mentioned yange, the strength and elastic
modulus to be required oan be exhHbited, while re :afning good Lea stretching or ope rties.

Further, the temperature of the spinning solution

(meta-type wholly aromatic polyamide polymer solution) at the

15 time when it is spun from the spinning die is suitably from
20 to 90°C.
[0033]

As & coagulation bath used for obtaining the fiber of

the present invention, there is used a substantially inorganic

20 salt-free amide-based solvent, preferably an agueous solution

having an NMP concentration of 45 to 60% by mass, at a bath

liguid temperature ranging from 10 to 50°C. When the

concentration of the amide-based solvent (preferably NMP) is

less than 45% by mass, a structure having a thick skin is formed

25 to decrease the rinsing efficiency in the rinsing step. It
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1003F [Uses of Meta..-Type Wholly Aromatic Polyamide Fiber] 25The meta-type wholly
aromatic polyamide fibe of the present invention is suhj ected to ¢ mping processing or the like as
needed, cut to an appropriate fiber | ength, and provided to a subsequent. step of spinning or the like.
Thus, tie meta-type wholly aromatic polyamlde fiber ci 5 the present invention can be applied to
various uses taking advantages of its heat resistance, flame re;_crdancy and mechanical
charactermstics. For example, woven and knitted fabrics of the fiber of the present invention alone or
in combination with another fiber can be used as heat-resistant 10 flame-retard ...nothing materials
such as firenFarP S forms Bhd Protettive garménts CarftbifarRé-etardiit BEASBthes and jtfterior

materials. Furthe&,uaslnon oven fabrics, it c%n also be effectively ueied as vagous Industg'jg%materials
i c'ally,

such as filtérs “or 45 raw materials for syntheticpaperarid composita 5 materials” <"

themeta—typ;owggglxgrrgrp%g% p(%lyarg}gee fiber of the present ipvention main insa%gifehﬂ?rng gth a

. o f re r .
ndc,n inhibit coloration or discoloration of the products even when proc%sse(fan e high

temperatures. Accoudingly, it 20, isparticular 11 for usesiused pastale expased 1o high femperatures,

for. example, as materials for base fabrics of felts for high temperature, filters for high-temp rature gas,
and tiedike,arasmatrixreinforcemant matedals for rubberss resh as anddhe like, staking adwantage of
high el sticmodulus. 25[ExampLes] [0039J The present invention will be described below in more
detail wit n referencedo examplesand the _Like, it shauld not be-construed as eyeflinited by these
examples he like. incidentally, "parts” and "25" are by mass, unless otherwise sped i died, and
"amount ratiol'dndieates!'mass tatio,"tuntess odthemwise soeci fi ed. Further, the polymertdorcent on (Pii
conation) in the polymer solutionstock solution) used for spinning isby mass of the polymer" cased
on"thewholépaitsmass, thatistésay! fpdt yiier{po 1rikfiérsolvebthersy|ael00f9y.- 1 to 30

seconds.

10 It 1is preferred that the substantially salt-free
coagulation solution as used herein is substantially composed
of only the amide~based solvent and water. However, inorganic
salts such as calcium chloride and calcium hydroxide are
extracted from the polymer solution, so that actually, these

15 saltsarecontainedintheccagulationsolutioninsmall amounts.
The suitable concentration of the inorganic salts in industrial
practice is within the range of 0.3 to 10% by mass based on
the whole coagulation solution. It is unsuitable to decrease
the inorganic salt concentration to less than 0.3% by mass,

20 because the recovering cost for purification in a recovering
process of the coagulation sclution extremely increases. On
the other hand, when the inorganic salt concentration exceeds
10% by mass, fusion of fibers immediately after extrusion from
the spinning die is liable to occur due to the decreased

25 coagulation speed, and coagulation equipment necessarily
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[0040] <Mea uring Methods> ,Kespective value of- the, physical properties in Examples and
Ccmpa -at ive Examples ,Jere measured bi- f he following thods [Intrinsic Viscosity] The aromatic
polyantide polymer was Isolated from the polyn= solution and dried, and measurement was made In
concentrated sulfuric acid at a polymer concentration of 100 mg/100 mL sul.furio acid at 30C. [Mor;
ofilamanr Fineness] Measurement based on method A of conditioned fineness was made
according to JIS L 1015, and the fineness was indicated by apparent fineness. [COOT r aking
Strength, Breaking el. onnat ion and Initial Elastic Modulus Measuremenu was made based on

JIB L 1015 GSng & ten" mMedSuring inStrhfierit {aRltufed?sySt61 C 6. fibdel 5 thiberss65),

under the f%| ow}rgéqigc])rrénigor}s: |<\>/|r.ea sgreing Conditions) clamp distance: 20 mm Initial tension: 0.044 cN
(1/20 g)/dtex Tensile spee&: 20 mmimin 10[0042] LAmount of Solvent Remaining in Fiber

(Residual Solvent. Aol ..., et yas sampled ptan et Sds.gLine insing siep, Then, the
el

fiber was centrifuged (number revoll ors: 5,000 rpm) for 10 minutes, and er mass(M1.) at this

time was measured. ¢F; s fiberwas hojled-in M2 g by mass of methanalfor, 4ouLs 1o extract the
amide-based so.ivent anewa-er in the fiber. fiber after extraction was dried under an atmosphere of
105C for 2 hewsdand the fiberrmiass (Phafterfurther, the braking elongation of
the resulting fiber can be improved, by setting the components
or conditions of the coagulation bath as described above.
By such a spinning-coagulation step, the fiber (tow)
composed of a coagulated yarn of the porous meta-type wholly
10 arcomatic polyamide is formed in the coagulation bath, and
thereafter, taken out from the coagulation bath into the air.
[0034]
[Plastic Stretching Bath Stretching Step]
In theplasticstretchingbath stretching step, the fiber
15 1is stretched in a plastic stretching bath, while the fiber
obtained by coagulation in the coagulation bath is in a plastic
state. Theplasticstretchingbathisnotparticularlylimited,
and conventionally known one can be employed.
For example, an agueocus solution comprising an aqueous
20 solutionof anamide-basedsolvent andcontaining substantially
no salt canbeused. Industrially, itisparticularlypreferred
to use a solvent of the same kind as used in the above-mentioned
coagulation bath. That is to say, the amide solvents used in
the polymer solution, the coagulation bath and the plastic

25 stretching bath are preferably the same kind, and a sole solvent
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20 dryinc as measured. Further, the mass concentration (C) of the amide-based solvent contained in
an extract was determined with a gas chromatograbh. The amount of solvent remaining in, the
fiber (amide-based solvent mass) as calculated by the following equation, using Ml, M2, P and C
described above. N=[C/100]xr1-4-1,42-12)/9]x100 [0e43] 1, Dry Heat Shrinkage Percentage at 300C]
A load of 98 cti (100 g) was hung from. one end of a tow of about 3,300 dtex, and marks were put on
positions 30 cm apart from each other. After removal of the load, the tow was placed under,anatmosp
of 30E:QC for 15 ml mites, and th.en, the length (cm) between the marks s measured. The value
obtained thg?oNoW%E%ha%oﬁ%ﬁg% BRthRE e gdreorﬁeﬁﬂléﬁﬂﬂs(%rlrﬁﬁ%%@r‘?gl{elnsﬁfﬁe dry heat
shrinkage percunta e at 3OOC1 )&ant shrlLk%ge g% a% 300 é%) 30 EL/30]x)100
[0044] [Hue alue ( h? 15Th uﬁue Value was measuret e regul?ng (fi after at treated

in -a drier offor @0&%%§@s%f50fyxnmsa§yr@ﬂge@tamsm%e DS A galet easus
instrument (man factured by Macbeth Co., Ltd., trade name: )Macbeth Color Eye Mod C 3100) under

the f ol lowing me asurermght;2Q gonditions o determine gchangedn el value ckhe-21 1y
lowerhuevalue(L*-L*) indioatesthen e signifioant ye | Iowmg Inoidentali y, L* and b* are obtained hy

t.ristimalus vakies defined .in LIS Z 8728 _he indication method of color by the 10-degree visual field
XYZ system).

There is a close relationship between the temperature
and the composition of the plastic stretching bath, and it can
be suitably used when the mass concentration of the amide-based
solvent iswithintherangeocf20to70%bymassandthe temperature

10 is within the range of 20 to 70°C. 1In a region lower than these
ranges, plasticization of the porous fibrous material does not
sufficiently proceed, and it becomes difficult to take a
sufficient stretchingraticinplasticstretching. Ontheother
hand, in a region higher than these ranges, the surface of the

15 porous fiber is melted and fused, so that it becomes difficult
to sufficiently form the fiber.

In order to obtain the fiber of the invention, it is
necessary to adjust the stretching ratio in the plastic
stretchingbathtotherangeof3.5t010.0times, morepreferably

20 to the range of 4.0 to 6.5 times. 1In the present invention,
stretching in the plastic stretching bath is performed within
the above-mentioned range to increase the molecular chain
orientation due to stretching, thereby being able to secure

the strength of the fiber finally obtained.

25 When the stretching ratio in the plastic stretching bath
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(Measuring Conditions) 511eld: 10 degrees Dope) ] Light source: D65 Wavelength: 360 to 740 rim
[00451 <Example 1> [Preparation Step of Spinning Stock ¢ (Spin= poly-m-phen _en
iscphthalamide powder (20.0 parts) having an intrinsic viscosity of 1.9, 1/21was produced by 10 an
interfacial polymerization method in accordance with the method described in LT-B-47-10863 was
suspended in 80.0 parts of N-methyl-2-pyrroliome (NMP cooled to 10C to a slurry form. Successively,
was dissolved by r e temperatare o the susterision to 60C to obtain a transoarerit pci ymer 15solutior

[Sp..n.ing Stesp]L < T ere ugin loI mer solution was ex udeg asas inn.in%sy??cks Iution_into

acoaciulation rath Having a ba ht%al? cé.lﬁvgtﬁ?é:anf(ngrhf' jha Spifning die'ha hg a. Rdlé diameter

of having a breaking strength of 5.0 cN/dtex or more. On the other
hand, whenthe stretchingratioexceeds 10.0 times, monofilament
breakage occurs, resulting in poor production stability.

5 The temperature of the plastic stretching bath is
preferably within the range of 20 to 90°C. When the temperature
is within the range of 20 to 90°C, it is preferred because of
good process performance. The above-mentioned temperature is
more preferably from 20 to 60°C.

10 [0035]

[Rinsing Step]

In the rinsing step, the fiber stretched in the plastic
stretching bath is thoroughly rinsed. The rinsing has an
influence on quality of the fiber obtained, so that it is

15 preferably performed in multiple stages. 1In particular, the
temperature of a rinsing bath and the concentration of the
amide-based solvent in a rinsing bath liquid in the rinsing
step exert an influence on an extracted state of the amide-based
solvent from the fiber and an entering state of water from the

20 rinsing bath into the fiber. Accordingly, also for the purpose
of optimizing these states, it is preferable that the rinsing
step 1s performed in multiple stages to control temperature
conditions and concentration conditions of the amide-based

solvent.

25 The temperature conditions and the concentration
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‘mu ansi a hole number of 1,500 to rerform spinningThe composition
ofthecoaqulationbathwaswater/NMP(amo Ttratio) = 45/55, and the polymer solution was extruded into
the coaguist ion beth at a yarn speed oi7 m/min. topprfbrmspinning. [Plastic Stretching Step]
Successively, stretching was performed in a plastic stretching bath having a temperature of 40C and a
composition wateriuMP (amour:ratio) --0/60 at a !se-- eof 5.0 time N U- After stretching, the fiber
was in turn allowed to mass through a bath (immersion length: 1.8 m) of water/NMP (amount ratio) -

70/30 of 0, sybsecusntly..& water bath LEsion length; 3,6 m):of 20C, ahotwater; bath {immersion
length: 5.4 m) of 60C and further, a hot water bath (immersion length: 103.6 m) -of 80C to perform

sufficient rinsing.{Bry Heat{lseatrment Steplcan Successiver nyheat reatmentwas pesformed to
the fiber after rinsing, with , heat roller having a surface temperature of 150 C under constant length.
1.5[Heat Stfetching Stept a i neSuccessivehy theheat stretchingsstepiinavhichit=henfiber svass stretched
to 1.3 tirneswas performed TAThile applying heat treatment roller having a surface temperature of
330C to finally ebtalsinatpolpm-phemyené isoulthalamides20fizer c[Measuremerits ahttEvaluations]

Various mc -- surements and evaluations were made for the resuiber (tow). The fineness was 2.1 jtex,
the ka akirm:t once. Accordingly, large voids are formed in the fiber to

cause deterioration of the quality. For this reason, the first
rinsing bath is preferably set to a low temperature of 30°C
or less.
When the solvent is remained in the fiber, coloration
10 or discoloration (particularly vyellowing) under high
temperatures cannot be inhibited, and further, deterioration
in physical properties, contraction, a decrease in limiting
oxygen index (LOI) and the like occur. Accordingly, it is
necessary to decrease the amount of the solvent contained in
15 the fiber of the present invention to 1.0% by mass or less,
more preferably to 0.5% by mass or less.
[0036]
[Dry Heat Treatment Step]
In order to obtain the fiber of the present invention,
20 the dry heat treatment step is preferably performed to the fiber
which has passed through the above-mentioned rinsing step. 1In
the dry heat treatment step, the fiber which has been rinsed
by the above-menticned rinsing step is subjected to dry heat
treatment preferably within the range of 100 to 250°C, more

25 preferably within the range of 100 to 200°C. Here, the dry
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strength was 5.5 oN/dtex, the breaking, elongate:. n was 24., and all incicated good numerical values.
Further, the residual solvent amouhthe fiber was 0.4,2, the dry heat shrinkage percentage at 300C
was 3.9%, and the initial elastic modulus was 1,2:50 cNimn'. These showed excellent he_, shrinkage
stability. The res ults obtained are shown in Table 1. [004 <Example Apoly-m-p, nylene
isophthalamide fiber was produced in the same manner as in Example 1 with the exception that the
solvent used in the preparation step of a spinning stocksolut IC (spinning dope) was change to
N,N-dimethylacetamide (DMAc) to produce a ;golymer solution, which was sed as the spinning stock
S

solution. TheF8sults"6FVAoUs mEadlitemi@hts for thé Festl mng fitset are SHoWH i Table 1°[00421

Comparative Exampl A poly-m-phenylene isonhthalamide fiber- was produceb in the same
manner as 'r%rlfx%emr%l% Witt?ﬁg%ég%ﬁoﬁl %a??hec 88%%%%%0?%??%%éoagulation I iqui was changed

to-, Atater/NMP (amgunt yatig).- EQ?OH@ ihe coagulation step. Jhes Ség'ﬁ%%fl‘ﬁxar{:f’é‘f'%%%‘&eme”ts for

resulting fiber are shown in Table 1. [0048] <Compara.v:, Example 2> A'poly- phenyiene
isophthalamide fiber was.qbtained inthe samemanner as in £xampled-with the exceptiom that the

stretchingin the heat stretching step was changed to 1.0 time. The results of various measurements for
the resalting fibercaresshown i Tablerk.entation to proceed, whereas to inhibit
crystallization, thereby being able to promote densification
of the fiber. Incidentally, the above-mentioned temperature
of the dry heat treatment means the set temperature of a fiber
heating means such as a hot plate or a heating roller.
10 [0037]

[Heat Stretching Step]

In the present invention, the heat stretching step is
performed to the fiber which has passed through the
above-mentioneddryheat treatment step. Intheheatstretching

15 step, stretchingof 1.1 to 1.8 times is performedwhile applying
heat treatment at 310 to 335°C. When the heat treatment
temperature 1in the heat stretching step is such a high
temperature as exceeding 335°C, the vyarn <colors and
significantly deteriorates, resulting in not only a decrease

20 in strength, but also breakage in some cases. On the other
hand, at a temperature lower than 310°C, sufficient
crystallization of the fiber cannot be attained, and it becomes
difficult to exhibit desired fiber physical properties, that
is to say, mechanical characteristics such as braking strength

25 and heat characteristics.
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[00491 <1-1xampi e 3> (Preparation Step of Spinning Stock Solution (Spinn: rig Lope)] Into a reaction
vessel der an atmosphere dry n()gen, 721.5 parts of NMP havia moisture content of 1CO ppm or less
was weighed, and 97.2 parts (50.18 moll) ofphenylenediamine was dissolved in this 11MP, followed by
cooling to OC. To this cooled MP sol uti on, 181.3 parts (49.32 mo111) of isophthaloyl chloride (herei
nafter, abbreviated as "130") was farther gradually added with stirring to pe orm a polymerization 15
reaction. Incidentally, after changes in viscosity stopped, stirring was continued for 4 mi 'vitas to
complete the pollym?gé%téon.rga%tiogq ose Trhéepél 96'0?1 gggts o{)g &?Iédum kkllydr%_jd% Q%vgg%r havThg
an average patrticle size of 10 pm or less was Welgﬁed, anopslowly added tfo the poﬁymer solution in

which the ratign reaction was completed.to.canduct a,neutralization reaction Afe the intredupt- on of

calcium hydroxide was completed, g was further performed for 40 minutes to obt transparent

polymertion2alym-phenylene sophthalamidgavasdsolated from the gesul fine, pelymegsoli on, and
the IV thereof was measured_ As a resuL it was 1.25. Further, the polymer ooncentrat.ion lii the
polymer solutien was120%;:[Spinning StepSiretehing iStem; MultistaoeRinsing Step,Drydteat
Treatment Step and neat Stretching Step] A poly-m-phenyiene isopnthalemide fiber was obtained
in the sametmanpperas: meHxampeetk avits the excepijons ¢hat the resudting polyamiensotution was
ased as the spinnllg stock solution, that the yarn speed in the spinni changed to 5 m/min, and that ..he
stretchino réatio i the plasticstrettRirigbattbinthe plastic $tretching step Was charreedte 615 times.

The results of various measurements for the resulting fiber are shownTable 1.
temperature in the heat stretching step to the range of 310

to 335°C, the fiber having a dry heat shrinkage percentage at
300°C of 5.0% or less can be obtained. Incidentally, it is
10 particularly preferred that the heat treatment i1s dry heat
treatment, and the heat treatment temperature in the heat
stretching step means the set temperature of a fiber heating
means such as a hot plate or a heating roller.
Further, the stretching ratic in the heat stretching step
15 has a close relationship to exhibition of the strength and
elastic modulus of the resulting fiber. In order to obtain
the fiber of the present invention, the stretching ratio is
required to be set usually to 1.1 to 1.8 times, preferably to
1.1 to 1.5 times. By setting the stretching ratio to the
20 above-mentioned range, the strength and elastic modulus to be
regquired can be exhibited, while retaining good heat stretching
properties.
[0038]
[Uses of Meta-Type Wholly Aromatic Polyamide Fiber]

25 The meta-type wholly aromatic polyamide fiber of the
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[0050] 15<Example 4> A polymer solution was produced in the same manner as in Example
3 with the exception that the solvent used in the preparation step of a spinning stock solution (sp g
dope) was changed to N,N-dimethvlacer_amide(DMAc),and a 20 poly-mephenylene isophthalamide
fiber was obtainedinthe same manner as in Example 11, u.sing the resulting polymer solution as the
spinning stock solution. The results of various measurements for the resulting fiber re shown in Table
l. [0051] 25<Comparat_e 3> A poly-m-phenylene isophthaiamide fiber was obtained in the same

manner as jn Example 3 with the exception that.the comoasition Di,the. coagulation jiguid was changed

to water/INMP (amount ratio) - 30/70 in the coagulation at ep. The results of various measurements for

the resulting fiberare,s ovuin Table 4.40052) <Comparativeexamples-4, and, 53.Poly-m-phenylene
isophthalamide fibers were obtainedin 10 the same manners as f Example 3 and Example 4,
respectively,awith therexeception thatdhe stretobingratig in the-heatistret chino step waschangec1t)1.0
time. The results ofvarious measurements for resulting fibers are shown in Table 1. [0053] 1Tatge 11
1w IC> Thus, the meta-type wholly aromatic polyamide fiber of
5 the present invention can be applied to various uses taking
advantages of 1ts heat resistance, flame retardancy and
mechanical characteristics. For example, woven and knitted
fabrics of the fiber of the present invention alone or in
combination with another fiber can be used as heat-resistant
10 flame~retardant clothing materials such as fireman uniforms
and protective garments, and flame-retardant bedclothes and
interior materials. Further, as nonwoven fabrics, it can also
be effectively used as various industrial materials such as
filters, or as rawmaterials for synthetic paper and composite
15 materials.
Especially, themeta-typewhollyaromaticpolyamide fiber
of the present invention maintains a high strength and can
inhibit coloration or discoloration of the products even when
processed and used under high temperatures. Accordingly, it
20 is particularly useful for uses used in a state exposed to high
temperatures, for example, as materials for base fabrics of
felts for high temperature, filters for high-temperature gas,
and the like, or asmatrix reinforcement materials for rubbers,

resins and the like, taking advantage of high elastic modulus.

25 [Examples]
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[0039]

The present invention will be described below in more
detail with reference to examples and the like, but should not
be construed as being limited by these examples and the like.
Incidentally, “parts” and “%” are by mass, unless otherwise

’

specified, and “amount ratio” indicates “mass ratio,” unless
otherwise specified. Further, the polymer concentration (PN
concentration) in the polymer solution (spinning stock
solution) used for spinning is V% by mass of the polymer” based
on “the whole parts by mass,” that is to say,
[polymer/ (polymer+solvent+others) Ix100 (%).

[0040]

<Measuring Methods>

Respective values of the physical properties in Examples
andComparative Examplesweremeasuredbythe followingmethods.

[Intrinsic Viscosity (IV)]

The aromatic polyamide polymer was isolated from the
polymer solution and dried, and measurement was made in
concentrated sulfuric acid at a polymer concentration of 100
mg/100 mL sulfuric acid at 30°C.

[Monofilament Fineness]

Measurement based on method A of conditioned fineness
was made according to JIS L 1015, and the fineness was indicated
by apparent fineness.

[0041]
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[Breaking Strength, Breaking elongation and Initial
FElastic Modulus]

Measurement was made based on JIS L 1015, using a tensile
measuring instrument (manufactured by Instron Corp., model
number 5565), under the following conditions:

{(Measuring Conditions)

Clamp distance: 20 mm

Initial tension: 0.044 cN (1/20 g)/dtex

Tensile speed: 20 mm/min

[0042]

[Amount of Solvent Remaining in Fiber (Residual Solvent
Amount) ]

The fiber was sampled at an exit side of the rinsing step.
Then, the fiber was centrifuged (number of revolutions: 5,000
rpm) for 10 minutes, and the fiber mass (M1l) at this time was
measured. This fiber was boiled in M2 g by mass of methanol
for 4 hours to extract the amide-based solvent and water in
the fiber. The fiber after extraction was dried under an
atmosphere of 105°C for 2 hours, and the fiber mass (P) after
drying was measured. Further, the mass concentration (C) of
the amide-based solvent contained in an extract was determined
with a gas chromatograph.

The amount of solvent remaining in the fiber (amide-based
solvent mass) N% was calculatedby the followingequation, using

M1, M2, P and C described above.
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N=[C/100]x[ (M1+M2-P) /P]x100

[0043]

[Dry Heat Shrinkage Percentage at 300°C]

A load of 98 cN (100 g) was hung from one end of a tow
of about 3,300 dtex, and marks were put on positions 30 cm apart
from each other. After removal of the load, the tow was placed
under an atmosphere of 300°C for 15minutes, and then, the length
L {(cm) between the marks is measured. The value obtained by
the following eguation based on the measurement result L (cm)
was taken as the dry heat shrinkage percentage at 300°C.

Dry heat shrinkage percentage at 300°C (%) =
[ (30-L)/30]1%x100

[0044]

[Hue Value (L*-b*)]

The hue value was measured for the resulting fiber and
the fiber after heat treated in a drier of 250°C for 100 hours.
Specifically, measurement was made by using a color measuring
instrument (manufactured by Macbeth Co., Ltd., trade name:
MacbethColor EyveModel CE-3100) under the followingmeasurement
conditions to determine a change in hue value (L*-b*). The
lower huevalue (L*-b*) indicates themoresignificant yellowing.
Incidentally, L* and b* are obtained by tristimulus values
defined in JIS Z 8728 (the indication method of color by the
10-degree visual field XYZ system).

(Measuring Conditions)
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Visual field: 10 degrees

Light source: D65

Wavelength: 360 to 740 nm

[0045]

<Example 1>

[Preparation Step of Spinning Stock Solution (Spinning
Dope) |

A poly-m-phenylene isophthalamide powder (20.0 parts)
having an intrinsic viscosity of 1.9, which was produced by
an interfacial polymerization method in accordance with the
method described in JP-B-47-10863 was suspended in 80.0 parts
of N-methyl-2-pyrrolidone (NMP) cooled to -10°C to a slurry
form. Successively, itwasdissolvedbyrisingthe temperature
of the suspension to 60°C to obtain a transparent polymer
solution.

[Spinning Step]

The resulting polymer solution was extruded as a spinning
stock solution into acoagulationbath havingabath temperature
of 40°C through a spinning die having a hole diameter of 0.07
mm and a hole number of 1,500 to perform spinning. The
compositionof the coagulationbathwaswater/NMP (amount ratio)
= 45/55, and the polymer solution was extruded into the
coagulation bath at a yarn speed of 7m/min to perform spinning.

[Plastic Stretching Step]

Successively, stretching was performed in a plastic
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stretching bath having a temperature of 40°C and a composition
of water/NMP (amount ratio) = 40/60 at a stretching ratio of
5.0 times.

[Rinsing Step]

After stretching, the fiber was in turn allowed to pass
through a bath (immersion length: 1.8 m) of water/NMP (amount
ratio) = 70/30 of 20°C, subseqguently, a water bath (immersion
length: 3.6 m) of 20°C, a hot water bath (immersion length:
5.4m) of 60°C and further, a hot water bath (immersion length:
3.6 m) of 80°C to perform sufficient rinsing.

[Dry Heat Treatment Step]

Successively, dry heat treatment was performed to the
fiber after rinsing, with a heat roller having a surface
temperature of 150°C under constant length.

[Heat Stretching Step]

Successively, the heat stretching step inwhich the fiber
was stretched to 1.3 times was performed while applying heat
treatment with a heat roller having a surface temperature of
330°C to finally obtain a poly-m-phenylene isophthalamide
fiber.

[Measurements and Evaluations]

Various measurements and evaluations were made for the
resulting fiber (tow). The finenesswas 2.1 dtex, the breaking
strength was 5.5 cN/dtex, the breaking elongation was 24.0%,

andall indicated goodnumerical values. Further, the residual
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solvent amount in the fiber was 0.4%, the dry heat shrinkage
percentage at 300°C was 3.9%, and the initial elastic modulus
was 1,250 cN/mm”. These showed excellent heat shrinkage
stability. The results obtained are shown in Table 1.

[0046]

<Example 2>

A poly-m-phenylene isophthalamide fiber was produced in
the same manner as in Example 1 with the exception that the
solvent used in thepreparationstepof aspinningstocksolution
(spinning dope) was changed to N,N-dimethylacetamide (DMAc)
to produce a polymer sclution, which was used as the spinning
stock solution. The results of various measurements for the
resulting fiber are shown in Table 1.

[0047]

<Comparative Example 1>

A poly-m-phenylene isophthalamide fiber was produced in
the same manner as in Example 1 with the exception that the
composition of the coagulation liquid was changed to water/NMP
(amount ratio) = 70/30 in the coagulation step. The results
of various measurements for the resulting fiber are shown in
Table 1.

[0048]

<Comparative Example 2>

A poly-m-phenylene isophthalamide fiber was obtained in

the same manner as in Example 1 with the exception that the
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stretching ratio in the heat stretching step was changed to
1.0time. Theresultsofvariousmeasurements for the resulting
fiber are shown in Table 1.

[(0049]

<Example 3>

[Preparation Step of Spinning Stock Solution (Spinning
Dope) ]

Intoareactionvessel under anatmosphereofdrynitrogen,
721.5 parts of NMP having a moisture content of 100 ppm or less
was welghed, and 97.2 parts (50.18 mol%) of m-phenylenediamine
was dissolved in this NMP, followed by cooling to 0°C. To this
cooled NMP solution, 181.3 parts (49.82 mol%) of isophthaloyl
chloride (hereinafter, abbreviated as “IPC”) was further
gradually added with stirring to perform a polymerization
reaction. Incidentally, after changes in viscosity stopped,
stirring was continued for 40 minutes to complete the
polymerization reaction.

Then, 66.6 parts of a calcium hydroxide powder having
an average particle size of 10 umor less was weighed, and slowly
added to the polymer solution in which the polymerization
reaction was completed to conduct a neutralization reaction.
After the introduction of calcium hydroxide was completed,
stirring was further performed for 40 minutes to obtain a
transparent polymer solution.

Poly-m-phenylene isophthalamide was isolated from the
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resulting polymer solution, and the IV thereof was measured.
As a result, 1t was 1.25. Further, the polymer concentration
in the polymer solution was 20%.

[Spinning Step, Plastic Stretching Step, Multistage
Rinsing Step, Dry Heat Treatment Step and Heat Stretching Step]

A poly-m-phenylene iscophthalamide fiber was obtained in
the same manner as in Example 1 with the exceptions that the
resulting polymer solution was used as the spinning stock
solution, that the yarn speed in the spinning step was changed
to 5 m/min, and that the stretching ratio in the plastic
stretching bath in the plastic stretching step was changed to
6.5 times. The results of various measurements for the
resulting fiber are shown in Table 1.

[0050]

<Example 4>

A polymer solution was produced in the same manner as
in Example 3 with the exception that the solvent used in the
preparation step of a spinning stock solution (spinning dope)
was changed to N,N-dimethylacetamide (DMAC) , and a
poly-m-phenylene isophthalamide fiber was obtained in the same
manner as in Example 1, using the resulting polymer scolution
as the spinning stock solution. The results of wvarious
measurements for the resulting fiber are shown in Table 1.

[0051]

<Comparative Example 3>
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A poly-m-phenylene isophthalamide fiber was cobtained in
the same manner as in Example 3 with the exception that the
composition of the coagulation liguid was changed to water/NMP
(amount ratio) = 30/70 in the coagulation step. The results
of varicus measurements for the resulting fiber are shown in
Table 1.

[0052]

<Comparative Examples 4 and 5>

Poly-m-phenylene isophthalamide fibers were obtained in
the same manners as in Example 3 and Example 4, respectively,
with the exception that the stretching ratio in the heat
stretching step was changedto 1.0 time. The resultsof various
measurements for the resulting fibers are shown in Table 1.

[0053]

[Table 1]
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[Industrial Applicability]

[0054]

According to the present invention, there is provided
a meta-type wholly aromatic polyamide fiber (particularly a
poly-m-phenylene isophthalamide~-based fiber) which is good in
mechanical characteristics, heat resistance and the like, has
an extremely slight amount of solvent remaining in the fiber,
and contains substantially no layered clay mineral. For this
reason, fiber products using the meta-type wholly aromatic
polyamide fiber of the present invention can inhibit coloration
or discoloration while retaining strength even when processed
and used under high temperatures. Accordingly, the meta-type
wholly aromatic polyamide fiber of the present invention has
ahighusefulnessparticularlyinfieldsinwhichit isprocessed

or used at high temperatures.
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[0054] According to the pre-cant i, there is provided a. meta-type wholly aromaticpolyamide
fiberular poiy-m-phenyiene isophthalamide-based fiber which is good in mechanical chara teristics,
heat resistance and the like, has an extremely slight amount of solvent emaining in the fiber, and
contains s sma tially no layer..d cit ay mineral. For this reason,bier products usimesa -type wholly
aromatic polyamide fiber of the present .invention can nhibitcoloration or discoloration whtii e retaining
strength eve evg@enn%olcgss%c%a%% gg%% Hgﬁjgr @'%hitﬁ%nper Ires. Accordingl_y, the. metq-type_ Wholl_y
aromatic polyamloge iber of the present invention has a high usefulness particulariy in fields irn whi ch
itisprocessed or used at highlttmperatures. [Designation of Documenti Claims [Claim 1] A
meta-type wholly aromatic: colyamide fiber containing substanl.i.alJ.y no layered OIL ay mineral, in .ch
the amount of solvéntirehtainirg Sirvthe filberds 416% by mass or lebs Basetron tie wholefiber, and the
breaking strength of the fiber is f om 45 to 6.0 oNlatex. [Claim 27 ‘The meta-type wholly aromatic
polyamadeSitiet a@eording-to Blaim, Swictein R¥s & diyHeat shiinkage hereentdetab-366C of 5.01%

or less. [Clain, 31 The meta-type wholly aromatic polyamioe fi.her areaording to claim 1 or 2,

wherein it 81T itial GI9stic Tadaits of BOD B L506 oNhm oY mass or LeSs sased

on the whole fiber, and the breaking strength of the fiber is
from 4.5 to 6.0 cN/dtex.

[Claim 2]

The meta-type wholly aromatic polyamide fiber according
to claim 1, wherein it has a dry heat shrinkage percentage at
300°C of 5.0% or less.

[Claim 3]

The meta-type wholly aromatic polyamide fiber according
to claim 1 or 2, wherein it has an initial elastic modulus of

800 to 1,500 cN/mm’.
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