
LDesigna.tion of Document] Specific 'en [Title of the Invention] Meta-Type Mhol lyma ic Polyamide Icr
[Technical. Fi. ldi [C001] tic mrese t invention relates to a. meta-type  w lly 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 yam d s are soluble in am .de-based solvents, and fibers can be obtained from these
polymer solutions by 20 methods such as dry spinning, wet sminning and semi-dry semi-wet 2
aromatic polyamldes, a mete-type wnolly 



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-dimethylacetamide to prepare a poly-m-phenylene isoohthalamnlde solution,
neutralizing hydrochloric acid ty-produced in the solution with :ium hydroxide to obtain a polymer
solution containing calcium chloride, and dry-sp nvng the resulting polymer solution (patent document
1: JP-B-35-14399) . 15hod of isolating a powder of a poly-m-phenylone isophthalamide polymeging an
organic  solvent system  for example, tetrahydrofurah which is not a goad solvent: for a product
pblyamide comprising a m-phenviLenediamine salt and isophthaloyl chloride into contact with an
aqueous solution 20 system2contai lpg an ordanic acid receiving agent and a soluble neutral sal* t
document 2: JP-D-43-10863) , and re-dissolving t is polymr powder in an amide-based so] vent,
followed by -spinning in an aqueous coagulation bath containinginorganic(patent.document
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
&Lail: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 through The gas, 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 fibrous material (patent document 5: JP-A-56-31009).         (e) Amethod of spinning a
meta-ar amidpolymer solution obtained by solution polymerization in an. amide-based solvent and
containing calcium chloride, fo by neutralization with 20calcium hydrcxi,de, calxide nr. the like, and
water into an aqueous cca.gulati. on tarn containing -orlde in a h-gh concentration through orifices to
form the solution into a fobrcas material q_:aton: dodumc L 6: JP-A- 0741fl, patent cufuncng /:
JP-2-1-10-88421_, and the ifiel. [0005]          However, according to the above-mentioned method (a),
in the fibrous polymer solution spun from a spinning dig, the solvent is vabori red and dried from the
vicinity a. summffa of the fibrous material formed because of dry .spinn so that a dense and firm shin
layer is formed on a surface of the fiber. Accordingly, it has been difficult  to remove sufficiently the
residual 1 solvent, even when the fibrousmsteri. ails continuously rinsed by water washing or the like.
Thud, yellowing has occurred in the fiber 'obt.aine.d by the tnoc h.1) at the tine 10 of use under a
high-temper ure atmosphere due to the solvent remaihind in the fiber. For this reason, it is necessary
no EIVCile heat treatment at high temperatures. As a result, there has been a problem that it is difficult
tc increase the strength. On the other hathe above-meritiorelethod 



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 a high-temperature a.mosphere due to the residual solvent have not. been avoided.,
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 fficu.lt to crease the strength of the fiber. [0006] 10Further, patent document 8 (J
-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 containj.ng a ooaoualtion
liquid in the pores or a state where a pies .sicezing liquid is allowed 15 to be contained in the pores,
and successively heating the fibrous matei..al w__ie containing the coagulation liquid or the like in the
pores, followed by heat. treatment. According to the method described in patent document in the step
where the meta-aramid solution is formed into the 20 fibrous material by coagulation, there is obtained
the porous fibrous material having sut t tiall no skirilayerona surface thereof. However, when the
porous fibrous material containing     p..Lasticazng liquid is heated, it becomes signiiic.entiy d fficult to
successively remove thc solvent.As a result, 



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 mlneraj. The meta-type wnott aromatic polyamide fibers described in patent documents 9
and 10 become fibers having a low residual solvent amount by blendinb of the layered clay ma.ter...il.
However, these. layered cl_y mineral-containingmeta-type wholly aromatic polyaunide fibers are low in
insulation properties whichcharacte e a ff potyamide, andthe layered clay mineral drops oft and
scatters at the time of cult ng proc g or twisting processing in some cases. Accordingly, further
improvement has been reoui red from 20 vie of improvement of insulation :properties and prevention of
dropping off and scattering of the layered clay miner-al. L00081              Patent document 1 I describes
a meta-tyr_ whol.ly aromatic 25 pc] amide fiber excellent in high-temperature processab ity  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 shrinkaoe percentage at 300 DC is 3 sr , and th;--,t the breaking sO rength of the fiber is 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 not reported, and further improvement has been recuired with respect to such hi ghbreak ing
strength and dimen sional stability as ire for base fabrics use of hi.oh-ternneratui a filters, rubber
reinforcemese and the like. 10 20 [Prior-ArtDocmensi [Patent Document [0009] 



[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 



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-2007-2c2589 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 Solving the Problems] 10[0011]
In order solve the above-mentioned problem, the present Inventors have made intensive studies. As a
result, it has been found out that the above-mentioned brobien, can be solved by appropriately
controllin, components or conditions of a 



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 c bolyamide fiber containing substanti lly 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, the meta'-type wholly aromatic polyaffide fiber of. the present invention preferably
has a dry heat shrinkage percentage at 30000 of 5.0% or less,.          Further, the. meta-type wholly
aromatic polyamide fiber 5. of the present invention preferably has an initial elastic modulus of 800 to
1,500 oN/IrscH [Advantages of the Invention] [00 1 2. j. According to the present invention, there is
provided. 10 a meta-type wholly aromatic polyamide fiber (particularly a poly-m-phenyiene
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 15 of the present invention has strength in addition to latent properties of the
meta-type wholly aromatic poiyamide 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 oresent invention becomes usable
even in fields in which the conventional meta-type wholly aromatic polyamlde fiber cannon be used,
and the industrial value thereof is extremely high. (Mode for Carrying Out the Invention] (00131  



<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] lnThe meta-type wholiv aromatic poi abide I 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
holly aromatic poTy,mide fiber coot aininu substantially no ayered clay mineral, the amount of
.olventremaining.in the E. fler 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 mete-type wholly aromatic  poiyamT r of the present Invention
can inhibit coloration or discoloration of the fiber or the product essmn, and usage under high
temperatures. [0015J [Residua I Solvent Amount A me..wholly aromatic plyamide fiber Is generally  a
polymer in an amide-basedvent,that the sal venO inevitably rematn in the fiber. However, in the
meta-type wholly aromar ic. -olyamide fiber of the present snvention, the amount of solvent remaining
in the fiber is 1.0% by mass or 5 less based on the mass of the fiber.. It is essentially 1.0% by mass or
less, and more preferably 0.5% bv mass or less. Particuiarly preferably, it is from 0.01 to 0.1% by
mass.         When the solvent remains inthe fiber in an amount exceeding T . 0% by mass based on
the massof the fibe- , it is unfavorahle 



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 Amount         The fiber is sampled at an exit side of a rinsing step. The-, the fiber is
centrifuged m.her of revoluti ns: 5,000 rpm for 10 minutes, and the fiber mass (MI) at this time is
measured. This fiber is boiled in IS2 g by mass of metta.noi for 4 hours to extract the amidebased
solvent and water in the fiber. The fiber after extraction is dried under an atmosphere of Jfor 2 hours,
and the fiber mass (P) after ,jug is measured. Further, the mass concentrationof the amide-based
solvent contained in an extract is determined with a gas chromatograph. The amount of
solventremainingin-A- c'a idestased solves) Ni is caiculated by the foi ioeirig equation, using Ml, h2 P
and C described above. 



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 ranqe of 5.8 to 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 strength exceeds 6.0 cN/dte , the elongation substantiallyaecreasestat such a thE 25
handling of the product becomes difficult.          In order to adjust the "breaking s7rength" within the
above-mentioned range in the meta-type wholly aromatic polyamide fiber of the present invention,
components or conditions of a coagulation bath are appropriately controlled S so as to give a dense
coagulation state having no skin-core structure, plastic stretching is performed within a specific ratio,
and further, subsequent beat stretching conditions are made proper. [0018i 10Incidentally, the term
"breaking strength" in the present invention means the value obtained by performin measurement,
based on Jill L 1015, using a measuring instrument (model nucrber 5065) manufactured by instron
Corp., under the following conditions: 15(Measuring Conditions) Clacc.p. distance: 20 mm Initial
tension: 0.044 clq (1/20 g)/dtex Tensile speed: 29 ram/min [C019] 20[Breaking Elongacioni 



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. breaking elongation to 15% or more, an aqueous solution of an amide-base solvent ( f
orte.:Kample , NNP (N-methyl-2- irrolidonhaving a concentration of 45 to 60% by mass may be used
as a coagulation, and the 10 temperature of the bath liquid may be adjusted to 10 to 50C. incidentally,
the term "breaking elon9 Lion" as used bereinmeans the value obtained by performingmeasurement,
based on Ills L 10115, under he above-mentioned meastit; s g co of the "breaking strength." 15[0020]
[Dry Heat Shrinkage Percentage at 300C]         Further, the meta-type wholly aromatic poiyamide fiber
or The present 1 nvention has a dry heat shrinkage percentage at 300C of preferably 5.0% or less,
more preferably within 20the range of 1. 0 to 4.0%. . In the case where the dryshrinkage percentage.
at 300C is high, shrinkage of the fiberrs when             str, 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 about 0.1 to 3%. 



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
strangeIand the occurrence of coloration due to heat deterio atien of the polymer. 1 0In-c.i den tally,
the termheat shrinkage percentage at 300C" in the urcsent invention means the value obtained by the
Lellowinq method. [0021] (Measuring d4etnoo of Dry Heat Shrinkage Percentage at 30Vc;         A load
or 98 cM (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, L.he tow is place under an atmosphere of 300C
for 15minutes, andthen, the length 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 neat shrinkage
percentage at 300C.  [Initial Elastic Moduiu           Furthermore, fiber of the pres of oreferabig
meta-type wholly aromatic polyamide It invention Pas an initial elastic modulus 



ha e of 900 to 1,500 cid/rhm2When the initial elastic modulus as within the ranue of 800 to 1,500
cN/mhr 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 cl\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 stretching ratio is less than 3.5 times, the initial elastic modulus does not tea h the
desired value. On the other hand, when the rati.o is higher nan 10.0            yarn breakage frequently
occurs, resulting in deteriora on of process performanc       _Incidentally, he term"initial elastic
modulus" as used hereinmeanss the value obtained hyperforminomeas ement, based on :HS L.
101_5, uhc r the above-mentioned measur g conditions of the "breaking strength." 25[0023]  oss
Sectional Shape and Fineness of Monofilament]         incidentally, the cross-sectional shape
oftheweta-type wholly aromatic polyamide fiber of the present invention may be a Cif iar shape, an
iptical shape or arbitr ary shapes, and enerally, the fineness of a monofilament (monofilament
fineness] is preferably within the range of 0.5 10.0 dtex.         Further, the meta-type wholly aromatic
polyamide fiber of the present invention is obta' 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 ,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[Constitution of Meta-Type Wholly Aromatic Polyamidej 



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 aromaLiL.
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
eisoohthalamideunits,them-phenylei units are contained in an amount of preferably 90 moli or more,
more preferably 95 moll or more, pa icular preferably 100 mon, based on the whole repeating u:r.its.
[00231                    Materials for Meta-Tybe Wholly Aromatic Polyamide] 10(Meta-Type Aromatic 11)
andne Component)         As the meta-type aromatic diamine components used as raw mater ls for the
eta-type wholly aromatic polyamdde, there can be exemel.ified m-phenylenediamine 3,41-diami
odiphenyl ether, 3,4'-diaminodiphenyi sui o-e and the like, and 15 derivatives thereofwhich an
aromayic ring tnexeof ties a substituent such a halogen or an alkyl group having 1 to carbon atoms, for
example, 2,4-toiyienediam e 2,6-toiyienediamtne, 2,4-diaminochlorobenzene, 2, 6-diartinoc
hiorobecizene or the like. Above all, preferred is m-phenylonedio azorie or a mixed diamine containing
m-phenylenediamine i nan amount of 85 moli Of more, preferably 90 mol% or more, particularly
preferably 95 mol% or more. [0026] 



(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 containing isophthaloyi chloride in an amoun of 85 molt or
more, preferably 90 mol% or more, particu -17 preferably 95 molt or more. [00271 The meta-type
whoromatic poJyamide fiber of the present invention contains, substantially no layered mineraThe
term "containing substantially no layered mineral" means that when the meta-type wholly aromatic
polyamide and the eta-type wholly aromatic golyamide fiber are pro hoed,  20 no layered clay mineral
is intentionally added. uagh the concen.tration thereof is not particularly specified, it is, for example,
0.01% by mass or less, preferably 0.001% by mass C _Less, and more prefer 0.0001% by mass or
less. [00281 [Production MethodType Wholly Aromatic  Polyarridel II production method of the
meta-type TAThoiny aromatic colyamide is not particularlyed , and it can be produced, 



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
intrinsic viscosity ranging from 1.2 to 2.0 is particularly preferred. [00301 20<Production Method of
Meta-Type WholiyAromat ic Poi yamide Fiber>         The meta-type wholly aromatic polyamide fiber of
the present invention is produced by using the aromatic polyami de obtained by the above-mentioned
product ion method, for example, 25 throughaspinningsolutionpreparationstep,  stretching step, a
rinsing step, a dry Neat treatment step and a heat stretching s:eo wh ich are described be. c [ 0031
[Spinning Solution ]reparation Step]         In the spinr.1 log solution preparation step, the meta-t ype
wholly aromatic polyamide is dissolved in an a de-based solvent to prepare a spinning solution
(mete-type wholly aromatic pc iyarni de polymer solution) In the preparation of the spinning 10sc-1-
utien,amide-based solvent is sually used_ As the amide-based solvent used,there can be exemplified 



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 lb
usually preferably with the range of 10 to 30% by mass. [0032] 25[Spinnino-CoagulationStep]         In
the sptn ng-coaquiation step, the spinininci solution (meta-type wholly aromatic polyamide polymer
solution) obtained above is 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 number     spinning holes, the arranged state thereof, the hole sha.ca and the like
of the sinc.; die, as long as wet spinning can 16 be stablyper ormed. For cx ample,  there may be
usedamulti-Pole spi..nning die for staple fiber having 1,000 to 30,000 holes and sp nnitg hole diar,eter
of 0.05 to 0.2 mm.         Further, the temperature  of the spinning solution (meta-type wholly aromatic
polyarride polymer solution.) at the time when it is spun from the so inninc die is suitably from 26 to
96C. [0033i         As a coagJiation bath used Ler obtaining the fiber- of the present ention, there is
used a substantially inorganic salt-free mid b ed solvent, preferably an ague us solution having an
NMP concentration of 45 Io 60% by mass, at a bath ii I temperature rancing from 10 to 50C. When the
concentration of the amide-based solvent (Preferably NM?) is less than 45% by mass, a structure
having a thick kin is formed Jtodecrease the (.--H sing eft-Heenpy in the rinsing step.. It 



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 polymer solution, so that actually, these salts are contained._ the coagulation solutionin
smailEbnounts. The suitable concentration ofthe inorganic salts in industrial practice is the ranbe of 0.3
to 10% by mass based on the whole coagulation solution. It is unsuitable to decrease the inorganic
salt conoentrat Len to less than 0.3% by mass, 20 because the recovering cost for purification in a
recovering process of the coagulation solution extremely increases. Or the other hand, when the
inorganic salt concentration exceeds 10% by mass, fusion of fibers immediately after extrusion from t e
soinn able to occur due to the decreased 25 coagulation speed, and coagulation equipment
necessarily  becomes large due to the pro: onged coagulation time. This is therefore unfavorable.
In the present invention, the skin formed on a surface of the fiber can be thinned to form a uniform str
Lure in the inside of the fiber, and further, the braking elongation of the resulting fibercnbabe 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 hyarn of the porous meth type
wholly aromatic polyamide is formed in the codguiation bath, and 'reafte , taken out from the coagul
at.i. on bath into the a [0034] Plastic Stretchi g Bath Stretching Step] the plastic stretching bath
stretching step, the fiber 15 is stret..ched in a pl-- ing bath, while the fiber obtained by coagulation in
the coagulation, bath 'sin aplastic state. Theplastic. stretch.ingbathis no tparticulariyiimited, and
conventionally known one can be employed.              For example, an aqueous solution comprising an
aqueous 20 solu-..Hon of an amide-basedsolventandcontainingsubstanaially no sa"be used.
Industrially, it is particularlypreferred 



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 it can 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 these ranges, plasticization of the porous- fibrous material  does sufficiently  proceed,
and it. becomes di fflcult to take a sufficient strc tchlng ratio in plastic s ret ch.ing. On the other hand, n
a region nigher than these ran es, the surface of the porous fiber 15 melted and fused, so that it
becomes difficul to suff iciently form the fir r.         In order o obtain the fiber of the invention, it is
necessary to adjust the stretching ratio in the plastic str chine bath to the ranc'e of 3 . to 10.0 times,
more preferably 20 to the range of 4.0 to 6.5 times. In the present invention, stretching in the plastic
citretching bath Is performed within the above-mentioned range to increase the molecular cha tit
orientation due to stretching, thereby being able to secure the strength of the fiber finally obtained.
When the stretching ratio in the b- astl cstretcicng bath  is less than 3.5 times, it becomes difficult to
obtain the fiber having a breaking stre dth of 5.0 cN/dtex or more. On the other hand, when the
stretching r0t io exceeds 1 . 0 times, monofilament breakage occurs,.ea I 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 



good prOCMSS performance. The above-mentioned m erature is more preferably from 20 to 60C.
10[0035] [Rlnsing 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. Accordingly, also for theourpose of c73-tim, g these states, it is preferable that the rinsing step is
performed in multiple stages to control temperature conditions and concentration conditions of the
amide-based. solvent. 25The temperature condit.ions and the concentrat fon  conditions of
theamide-based solvent are not particularly limi-yd, as long as tiey cm satisfy the quality of the fiber
finally obtained. However, when the f .rst rinsing bath is set to a. high temperature 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 first rinsing 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 be inhibited, and further, deterioration in physical properties, contraction, a
decrease in limiting oxindex (LOT) and tie like occur. Accord is necessary to decrease the amount of
the solvent contained in the fiber of the present invention to 1.0% by mass Of less, more preferably to
0.5% by mass or less. [0036] Heat Treatment Step] In order to obtai the fiber of the present. invention, 



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, the above-mentioned, temperature of the dry heat treatment means the set
temperature of a fiber heating mean such as a hot plato or a heating roller. 10my ] [Heat Stretehiro In
the present in.vention, the heat stretching step is performed to the fiber which has passed through
above-me)tioneddrvheat treatment step- In the heat stretching  15 step, stretching of 1.1 to 1.8 times is
Qerformed while applying heat treatment at 310 to 335cC. When tee heat treatment temperature 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 temperature lower than 310C, sufficient crystallization of the fiber canzio.t he attained,
and it becomes difficult to exhibit desired fiber physical properties, that is to say, mechanical
characteristics such as braking strength Jand heat charactes.  There is a close relat2 ski'between the
treatm     perature in the neat stretching step and the density of the resu it ins fiber.In order to obtain a
product hat ci particularly good density of the fiber, the heat treatment temperature in the heat
st.retching step is preferably adj usted to the range of 110 to 335C. By adjusting the heat treatment
temperature in the heat stretching step to the range of 310 to l 350C, the fiber hay g a dry heat shri
nkage percentage at 300C of 5.0% or less can be obtained_ Incid ental.7.y, it is 10 partiT-uTharly
preferred_ than. the heat treatment Is dry heat treat.ment, and the heat treatment temoeratuLe in the
heat stretching step means the set temperaturefiber heating means such as a hot plate or a heating
roiler.         Further, the stretching ratio in the heat stretching step has a close relationship to exhibition
of the strength and elastic modulus of the esuiting fiber. In order to obtain the fiber of the 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 setting the stretching ratio to the 20 above-mentioned range, the strength and elastic
modulus to be required oan be exhHbited, while re :afning good Lea stretching or ope rties. 



1003F               [Uses of Meta..-Type Wholly Aromatic Polyamide Fiber] 25The meta-type wholly
aromatic polyamide fibe of the  present invention is suhj ected to c mping processing or the like as
needed, cut to an appropriate fiber I 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 fireman uni_forms 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 raw materials for syntheticpaperand composite 15 materials.         Espe c'ally,
themeta-type whollyaromatic polyamide fiber of the present invention maintains a high strength a
ndc,n inhibit coloration or discoloration of the products even when processed and used unde  high
temperatures. Accordingly, it 20 is particular 11 for uses used n a state exposed to high temperatures,
for. example, as materials for base fabrics of felts for high temperature, filters for high-temp rature gas,
and tie like, or as matrix reinforcement materials for rubbers, resi ns and the like, taking advantage of
high el sticmodulus. 25[ExampLes]  [0039J         The present invention will be described below in more
detail wit n reference to examples and the _Like, tut should not he construed as -yei limited by these
examples he like. incidentally, "parts" and "25" are by mass, unless otherwise sped i died, and
"amount ratio" indicates "mass ratio," unless  otherwise soeci fi ed. Further, the polymer corcent on (Pii
conation) in the polymer solutionstock solution) used for spinning isby mass of the polymer" cased
on"thewholepartsmass,"thatistosay, [pol ymer/(po 1 yrriersolveothers) ] x100 (9). 



[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;
ofiiamanr 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 e1. onnat ion and Initial Elastic Modulus          Measuremenu was made based on
JIB L 1015 using a ten measuring instrument (manufactured bysrol Corp., model 5 number 5565),
under the following connitions: (Measuring Conditions) clamp distance: 20 mm Initial tension: 0.044 cN
(1/20 g)/dtex Tensile speed: 20 mm/min 10[0042]         LAmount of Solvent Remaining in Fiber
(Residual Solvent. Amount)]               'tier was sampled at an exit side of the rinsing step. Then, the
fiber was centrifuged (number revoll ors: 5,000 rpm) for 10 minutes, and the fiber mass(M1.) at this
time was measured. T -us fiber was boiled in M2 g by mass of methanol for 4 hours to extract the
amide-based so.ivent anewa-er in the fiber. fiber after extraction was dried under an atmosphere of
105C for 2 hours, and the fiber mass (P) after 



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 the following equation based on the measurement result L (cm) 10 was taken as the dry heat
shrinkage percuntage at 300C.         Dry heat shriLkage percentage at 300C(%) [(30 EL/30]x)100
[0044] [Hue Value (L *h*) 15The hue value was measured for the resulting fiber and after heat treated
in -a drier offor 100 hours. Specifically, measurement was made by using a color measuring
instrument (man factured by Macbeth Co., Ltd., trade name: )Macbeth Color Eye Mod CE-3100) under
the f ol lowing me asurement 20 conditions to determine a change in huel value . The
lowerhuevalue(L*-L*) indioatesthen e siqnifioant ye I lowing. Inoidentali y, L* and b* are obtained hy
t.ristimulus values defined .in LIS Z 8728 _he indication method of color by the 10-degree visual field
XYZ system). 



(Measuring Conditions)  511eld: 10 degrees Dope) ] Light source: D65 Wavelength: 360 to 740 rim
[00451 <Example 1> [Preparation Step of Spinning Stock c (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 Step]         The resulting polymer solution was extruded as a spinning stock solution into
acoaciulatlon rath having a bach reIncic.irvJtrlre oi 40C through a spinning die ha ng a. hole diameter
of 



: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 0C, subsecuently, a water bath ] rsion length: 3.6 m) of 20C, a hot water 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. [Dry Heat Treatment Step]         Successive , dry heat treatment was performed to
the fiber after rinsing, with , heat roller having a surface temperature of 150 C under constant length.
1.5[Heat St etching Step]         Successively, the heat stretching step in which t-he fiber was stretched
to 1.3 tirneswas performed TAThile applying heat treatment roller having a surface temperature of
330C to finally obtau.ii a poly-m-phenylene isouhthalamide 20fiber. [Measurements and Evaluations]
Various mc -- surements and evaluations were made for the resuiber (tow). The fineness was 2.1 jtex,
the ka akirm; 



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 polymer solution, which was sed as the spinning stock
solution. The results of various measurements for the resul mng fiber are shown in Table 1. [00421
Comparative Example         A poly-m-phenylene isonhthalamide fiber- was produceb in the same
manner as in Example with the exception that the composition of the coagulation I iqui was changed
to-,Atater/NMP (amount ratio) - 70/30 in the coagulation step. The results of various measurements for
resulting fiber are shown in Table 1. [0048] <Compara.v:, Example 2>         A poly- phenyiene
isophthalamide fiber was obtained in the samemanner as in Example 1 with the exception that the
stretchingin the heat stretching step was changed to 1.0 time. The results of various measurements for
the resulting fiber are shown in Table 1. 



[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 1C0 ppm or less
was weighed, and 97.2 parts (50.18 moll) ofphenylenediamine was dissolved in this 11MP, followed by
cooling to 0C. 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 polymerization reaction.         Then, 66. 6 parts of a caLcium hydroxide powder havThg
an average particle size of 10 pm or less was weighed, and slowly added to the polymer solution in
which the ration reaction was completed to conduct a neutralization reaction Afe the intredupt- on of
calcium hydroxide was completed,           g was further performed for 40 minutes to obt transparent
polymertion Poly-m-phenylene sophthalamide was isolated from the  resul tinc, polymer soli on, and
the IV thereof was measured_ As a resuL it was 1.25. Further, the polymer ooncentrat.ion lii the
polymer solution was 20%. [Spinning StepStretching Step, Multistaoe Rinsing Step, Dry Heat
Treatment Step and neat Stretching Step]         A poly-m-phenyiene isopnthalemide fiber was obtained
in the same manner as in Hxampoe 1. witr. the excep i.ons that the resulting polymer solution was
ased as the spinnIlq stock solution, that the yarn speed in the spinni changed to 5 m/min, and that ..he
stretchino ratio in the plastic stretching bath in the plastic stretching step was chanqed to 6.5 times.
The results of various measurements for the resulting fiber are shownTable 1. 



[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
I. [0051] 25<Comparat_e 3>          A poly-m-phenylene isophthaiamide fiber was obtained in the same
manner as in Example 3 with the exception that the comoosition Di the coagulation iiquid was changed
to water/INMP (amount ratio) - 30/70 in the coagulation at ep. The results of various measurements for
the resulting fiber are s own in Table 1. [0052] <Comparative Examples 4 and 5> Poiy-m-phenylene
isophthalamide fibers were obtainedin 10 the same manners as f Example 3 and Example 4,
respectively, with the exception that the stretching ratio in the heat stret chino step waschangec1t)1.0
time. The results ofvarious measurements for resulting fibers are shown in Table 1. [0053] 1Tatge 11
1W IC> 
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Before Heat Treatment Hue (n*-b*) After Heat Treatment at 250C Hue (L*-B*)  [IndastriApPlicanili M
[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 even when processed and used under high temper lres. Accordingly, the meta-type wholly
aromatic polyamide fiber of the present invention has a high usefulness particulariy in fields irn whi ch
itisprocessed or used at high temperatures.  [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 solvent remaining, in the fiber is 1.0% by mass or less based on the whole fiber, and the
breaking strength of the fiber is f om 45 to 6.0 oNlatex. [Claim 27        The meta-type wholly aromatic
polyamade fiber according to claim 1, wherein has a dry heat shrinkage percentage ao 300C of 5.01%
or less. [Clain, 31        The meta-type wholly aromatic polyamioe fi.her areaording to claim 1 or 2,
wherein it has an initial elastic modulus of 800 to 1,500 oN/mm 


