DESCRIPTION TITLE OF THE INVENTION: EASILY DYEABLE META-TYPE WHOLLY AROMATIC
POLYAMIDE FIBER TECHNICAL FIELD [00011 The present invention relates to a dyeable
meta-type wholly aromatic polyamide fiber. More particularly, it relates to an easily dyeable wholly
aromatic meta-type aramid fiber excellent in environmental safety, and also excellent in acid
resistance. BACKGROUND ART [0002] A meta-type wholly aromatic polyamide fiber such as a
polymetaphenylene terephthalamide fiber has a molecular skeleton mostly including aromatic rings,
and hence exhibits excellent heat resistanc%gg% dE’B% % nal stability. By taking advantage of these
characteristics, the meta-type wholly aromatic polli‘/aml € Tiber is preferably used in not only industrial
applications but also in applications in which an importance is attached to the heat resistance, flame
retardancy, and flame resistance, or other applications. In recent years, it has found rapidly widening

applications, orhe fieldls gt beddinglathes. intgtior goos.and the lika Thenhartisylariyin the field

of clothes, in addition to the flame resistance and the flame retardancy, further, the dyeability and the

acid resistapge@ie atsogeguiiedas the gmportant performances. [0003] However, the meta-type
wholly aromatic polyamide fiber is unfavorably difficult to dye with a common method due to the rigid

polymer molecule chain. [0004]
TECHNICAL FIELD
[0001]

The present invention relates to a dyeable meta-type
wholly arcmatic polyamide fiber. More particularly, it
relates to an easily dyeable wholly aromatic meta-type aramid
fiber excellent in environmental safety, and also excellent

in acid resistance.

BACKGROUND ART
[ooo2]

A meta-type wholly aromatic polyamide fiber such as a
polymetaphenylene terephthalamide fiber has a molecular
skeleton mogstly including aromatic rings, andAhencé exhibits
excellent heat resistance and dimensional stability. By
taking advantage of these characteristicsg, the meta-type
wholly aromatic polyamide fiber is preferably used in not only
industrial applications but also in applications in which an
importance 1g attached to the heat registance, flame retardancy,
and flame registance, or other applications. In recent years,

it has found rapidly widening applications to the fields of



Under such circumstances, as a method for improving the dyeability, there is proposed a method in
which an alkylbenzene sulfonic acid onium salt is added to a spinning solution, thereby to obtain a
meta-type aromatic polyamide fiber easily dyeable with respect to a cationic dye (see Patent Literature
1). With this method, it is possible to obtain a meta-type aromatic polyamide fiber having favorable
dyeability with respect to a cationic dye. [0006] However, the fiber containing the onium salt added
therein is high in cost. Further, in order to prevent the onium salt from falling from the fiber during yarn
making, during post-processing, and the like, the coagulation conditions far fiber manufacturing cannot

be set sever& AL BFesuft i fiount BE§SORENt FEMBhing 3R the fibGr id iatGe, restffifg’ in inferior
environmental safety, [0006], s another method for improvin dyeability,.there is proposed the
folloning mEAort A Ao GLS REel having Borec s 1irter ahd h Hooy SoTen b

=] arl a ﬁ. = .
n amo er having pores IS orimed, an Iber swollen with water Is

vapor hoated, so.bhaya dve 1 ditised injg the pates ofbe fer This resulls na therimpyegated
) IDer IS vapor neate

i S .
with the dyer?hr%ug out the fiber structure. Subsequently, the over a Sufficient

time at a highey tegperatire than;the glass tiansitiondemperature o callapse the,pares, As a result,

the dye is confined in the fiber irreversibly to crystallize the fiber (see Patent Literature 2). [0007]
With this mgtheg, it i Ressible to obtain a fiber having favorable dyeability, and having a small residual
solvent content. However, because of such a heat treatment as to collapse the pores using vapor
heated to a temperature of 110C to 140C, fiber crystallization is insufficient, which makes it difficult to
obtain favorable acid resistance. [0008] Therefore, there has not yet been obtained a meta-type
wholly aromatic polyamidesfiberthaying easy dyealitityl, Wwhielr isrsmakt ipampuni dkafsobsent
remaining in the fiber, and has an acid resistance. Related art literature Patent Literature

is unfavorably difficult to dye with a common method due to

the rigid polymer molecule chain,

[0004]

Under such circumstances, as a method for improving the
dyeability, there is proposed a method in which an alkylbenzene
sulfonic acid onium salt is added tc a spinning solution,
thereby to obtain a meta-type aromatic polyamide fiber easily
dyeable with respect to a cationic dye (see Patent Literature
1) . With this method, it is possible tTo obtain a meta-type
aromatic polyamide fiber having favorable dyeability with
respect tc a cationic dye.

[0005]

However, the fiber containing the onium salt added
therein is high in cost. Further, in order to prevent the onium
salt from falling from the fiber during yarn making, during
post-processing, and the like, the coagulation conditions for

fiber manufacturing cannot be set severe. As a result, the

amount of a golvent remaining in the fiber is large, resulting



[0009] Patent Literature 1: JP-A-08-081827 Patent Literature 2: JP-A-62-184127 SUMMARY [0009a]
In an aspect, there is provided an easily dyeable meta-type wholly aromatic polyamide fiber having a
residual solvent content of 0.1 mass% or less in the form of the fiber, and having a strength retention
ratio of 65 1 or more in the form of the dyed fiber after 150-hour immersion in a 50C 20 mass%
aqueous sulfuric acid solution. PROBLEM THAT THE INVENTION IS TO SOLVE [0010] The
present invention was made in view of the background art. It is an object thereof to provide an easily
dyeable meta-type wholly aromatic polyamide fiber excellent in dyeability and acid resistance, and with

a very smalt Fest@ SoRenEBSHEATTEARS FBRSSLVING THE INVENTION [0011] The present

inventors re &%e ly conducted a close study in view of the problem. As a result, they found the
following: bfappr priately adjusting the components or conditions of the coagulation bath so as to

achieve a co_aguIatg‘\&dsfoﬁ{:kr,anril_('})ltehlavringeqh S inf% re, p q_t%rrrlin p@;séic@;aéigg ](_Jlﬁv%/ing_ tl,ge%%ecific ratio,
and completing a washing step, and then, performing a (Yry af treafment at a sE)’éu ic temperature,
the problem can pe,solyed. (his Ras Jed, g thecampplgtionAf BGPIRIEN s £iber having

pores 1lg formed, and the fiber swollen with water is vapor

heated, so that a dye is diffused into the pores of the fiber.

This results in a fiber impregnated with the dye throughcut

the fiber structure. Subsequently, the fiber is vapor heated

over a sufficient time at a higher temperature than the glass

transition temperature to collapse the pores. As a result,

the dye is confined in the fiber irreversibly to crystallize

the fiber {see Patent Literature 2).

[0007]

With this method, it is possible to obtain a fiber having

favorable dyeability, and having a small residual solvent
content. However, because of sgsuch a heat treatment as to
collapge the pores uging vapor heated to a temperature of 110°C
to 140°C, fiber crystallization is insufficient, which makes
it difficult to obtain favorable acid resistance.
[ooce]

Therefore, there has not yet been obtained a meta-type
wholly aromatic polvamide fiber having easy dyeability, which
is small in amount of a solvent remaining in the fiber, and

has an acid resistance.



invention. [0012] Namely, the invention is an easily dyeable meta-type wholly aromatic polyamide
fiber having a residual solvent content of 0.1 mass% or less in the form of the fiber, and having a
strength retention ratio of 65 % or more in the form of the dyed fiber after 150-hour immersion in a 50C
20 mass% aqueous sulfuric acid solution. ADVANTAGE OF THE INVENTION [0013] An easily
dyeable meta-type wholly aromatic polyamide fiber of the present invention is favorable in dyeability
with respect to a dye, and has both of the excellent acid resistance and environmental safety. For this

reason, thedpqustdal value inithe fields requiring these characteristics is very large. In the fields in
which an importance is attached on the aesthetic property and the visual property, such as bedding,

clothes, ang interier goads,-the.fiker can be preferably used. MODE FOR CARRYING OUT THE
INVENTION [0014] <Easily dyeable meta-type wholly aromatic polyamide fiber> An easily dyeable
meta-type whaellysgromatic polyamide fiber of the present invention has the following specific physical
properties. A description will be given to the physical properties, configuration, manufacturing method,

and the like of the easiy dyealilesnetadype whalty arornatiopalyamide fiber of the invention below.
[0015] [Physical properties of easily dyeable meta-type wholly aromatic polyamide fiber]
Patent Literature 2: JP-A-62-184127

SUMMARY
[0009a])

In an aspect, there is provided an easily dyeable
meta-type wholly aromatic polyamide fiber having a residual
solvent content of 0.1 mass% or lesg in the form of the fiber,
and having a gtrength retention ratio of 65 % or more in the
form of the dyed fiber after 150-hour immergion in a 50°C 20
mass¥% agqueous sulfuric acid solution.

PROBLEM THAT THE INVENTION IS5 TO SCLVE
[6010]

The present invention was made in view of the background
art. It is an object thereof to provide an easily dyeable
meta—type wholly aromatic polyamide fiber excellent in
dyeability and acid resistance, and with a very small residual

solvent content.

MEANS FOR SOLVING THE INVENTION
[0011]

The;neseﬁtinventorsIepeatedlyconductedeaclosestudy



[Residual solvent content] The meta-type wholly aromatic polyamide fiber is generally
manufactured from a spinning stock solution containing a polymer dissolved in an amide solvent.
Accordingly, the solvent is naturally left in the fiber. However, for the meta-type wholly aromatic
polyamide fiber of the invention, the amount of the solvent left in the fiber is 0.1 mass% or less based
~ on the mass of the fiber. The amount is essentially0 .1 mass% or less, and more preferably 0.08
mass% or less. [0016] When the solvent is left in the fiber in an amount of more than 0.1 mass%
based ont 0 ibe I rocessing or use under a high-t erature atmosphere as
high as morf%1 [&g%%ﬁio%%%t%% %rs%gl%%sﬁlven% vaago(_:frfz%zgl’e%u t?ﬁfg ?rﬁ%ﬁés}%ggn%vtﬁg%%%ﬁ :safety.

Further, th%gﬂq]sw@?m@gﬁ%,i%e%@m&i%g@&ﬁg@;ﬁe\éﬂ'ééug%i%&{&ﬂ%ﬁgfﬁfﬁ%éion of the

strength. [0017 n the invéntion, in ordér to set the residual solvent content of the fiber at 0.1
mass% or less,Auringithe marHfaciugag:siepafthe dibere MPRRERS QL thewcopdiions of the

coagulation bath are adjusted so as to achieve a coagulated form not having a skin core, and
plasticization drewingds sarrieshedat anspedificratior IA18In adacidagtally, thesyesidealsolvent
content of the fiber" in the invention denotes the value obtained in the following manner. (Measuring
method of residital selvéntcanteat)ing Abetisd Orgyokadiper mrebllented, anes siriedas 105C for 120
minutes. Then, it is allowed to cool in a desiccator to weigh the fiber mass (M1). Subsequently, for the
fiber, refluxdexirdetion iscaaietolt mtmetharol 16 t. 3 kours bytusirg arSexiplebetieactoant hus,
extraction of the amide solvent contained in the fiber is carried out. The fiber which has completely
undergone trégtloieis-takBhicut hasd iedcuant bfed arpsec ¥forso ittrespThrerthe fiber is
allowed to cool in the desiccator to weigh the fiber mass (M2). The amount of the solvent (amide
solvent mass) N(%) remaining in the fiber is calculated using the obtained Ml and M2 from the
following equation. N (%) = [(MI-M2)/M1] x 100 [0019]

4a



[Strength retention ratio of dyed fiber] For the easily dyeable meta-type wholly aromatic polyamide
fiber of the invention, the strength retention ratio of the dyed fiber after 150-hour immersion in a 50C
20 mass% aqueous sulfuric acid solution is 65 % or more. The strength retention ratio is essentially 65
% or more, preferably 70 % or more, and further preferably 75 % or more. [0020] The strength
retention ratio of the dyed fiber serves as an indicator of the acid resistance. When the strength
retention ratio is less than 65 %, the acid resistance when the fiber is used as cloth is insufficient,
undesirablyiﬁgﬁip%ﬂg reduction of the safety. [0021] In the invention, in order to set the
strength retention ratio of the dyed fiber at 65% or more, during the manufacturing step of the fiber, the
components @ {hg conditions of the coagulation bath are adjusted so as to achieve a coagulated form
not having a skin core, and the washing step is completed, and then, a dry heat treatment is carried

out at a specific terppgrature. [PR22]i nvelicidantally, the "senath ratentigh Latietin the fnvention
denotes the value obtainable in the following manner. (Method for determining the strength retention

ratio (acid rgaistianeedesiys i clnfha separablerflask: a ROmass %, aguepus sulfuge aeighsolution is
charged, and 51 mm of a dyed fiber which has been dyed is immersed therein. Subsequently, the
separable ftasktigimmersed imadbermohliath sahd iseklatademperatute=af, 586d Haesdyed fiber is
immersed therein for 150 hours. For the fiber before and after dyeing, the measurement of the tensile
strength is sagiedemgith detsemne the strengthoietéatién catioof thel fibehaftéoimmersiohe[0023]
Incidentally, the "tensile strength” in the invention denotes the value obtained from the measurement
under the falloedngidesditdriseusihgnodels 5685 rmanifactured byINSTRON GG, aguerlirzg to JIS L

1015. (Measurement conditions)
gulfuric acid solution.

ADVANTAGE CF THE INVENTION -
{0G13]

An easily dyeable meta-type wholly aromatic polyamide
fiber of the present invention is favorablé in dyeability With
respect to a dve, and has both of the excellent acid resistance
and environmental safety. For this reason, the industrial
value in the fields requiring these characteristics is very
large. In the fields in which an importance is attached on

the aesthetic property and the visual property, such as bedding, "

clothes, and interior goods, the fiber can be preferably used.

MODE FOR CARRYING OUT THE INVENTION

[0014]

<Easily dyeable meta-type wholly aromatic polyvamide fibers
An easily dyeable meta-type wholly aromatic polyamide

fiber of the present invention has the following specific



Grip distance: 20 mm Initial load: 0.044 cN (1/20 g) / dtex Tensile rate: 20 ram/min Whereas, the
"dyeing" in the invention means dyeing by the following dyeing method unless otherwise specified.
[0024] (Dyeing method) There is prepared a dyeing solution containing 6 9r, owf of a cationic dye
(trade name: Kayacryl Blue GSL-ED (B-54) manufactured by NIPPON KAYAKU Co. , Ltd.), 0. 3 mL/L
acetic acid, 20 g/L sodium nitrate, 70 g/L benzyl alcohol as a carrier agent, and 0.5 g/L dyeing auxiliary
agent (trade name: DISPER TL manufactured by MEISEI CHEMICAL WORKS, Ltd.) as a dispersant.
Subsequently, a 60-minute dyein% treatment at 120C is Carried[(}?# Wiéh a bath ratio of a fiber and the
t

dyeing soldfioA Bt 1240, AHI te dYéing trBateht Udig §tred Sluffon’ €8nt&iRing 250 g/L

hydrosulphite, 2.0 g/L. AMIRADINE D (trade name AMIRADINE nufacture Al-ICHI KOGYO
Ao St e e i LS i ded gl ot UL SN

carried out i a bath watig pf 1, 20. Aflerwashing.with water. dryingds gartied,out, rggulting in a dyed

fiber. [0025] [Tensile strength and elongation at break of fiber] The tensilé strength of the fiber

(fiber beforgcgly%g}@@é the gasilyfdyeahle metastypewhellyjargmatic polyamide fiber of the invention is
preferably 2.5 cN/dtex or more. It is further preferably 2.7 cN/dtex or more, and in particular preferably

3.0 cN/dtexjeromere. When the tensile strength is less than 2.5 cN/dtex, the fiber is broken during the
post-processing step such as spinning, and undesirably the passability is deteriorated. [0026]
Whereas, theklangeasion atdareak of the fibeér (Beerily dyeable meta-type wholly

aromatic polyamide fiber]
[Reagidual solvent content]

The meta-type wholly aromatic polyamide fiber is
generally manufactured from a spinning stock solution
containing a polymer dissolved in an amide solvent.
Accordingly, the solvent is naturally left in the £fiber.
However, for the meta-type wholly aromatic polyamide fiber of
the invention, the amount of the gsolvent left in the fiber is
0.1 mass% or lesgss based on the mass of the fiber. The amount
igs egsentially 0.1 mass% or less, and more preferably 0.08 mass%
or less.

[0016]

When the solwvent ig left in the fiber in an amount of
more than 0.1 mass% based on the mass of the fiber, during
processing or use under a high-temperature atmosphere as high
as more than 200°C, the resgsidual solvent vaporizes, resulting
in inferior environmental safety. Further, the molecular
structure is broken, which undesirably results in a remarkable

reduction of the strength.



before dyeing) of the easily dyeable meta-type wholly aromatic polyamide fiber of the invention is
preferably 30 % or more. It is further preferably 35 % or more, and in particular preferably 40 % or
more. When the elongation at break is less than 30 % , the passability during the post-processing step
such as spinning is undesirably deteriorated. [0027] Incidentally, the "tensile strength" and
"elongation at break™ herein used denotes the values obtained from the measurement under the
measurement conditions of the "tensile strength" according to JIB L 1015. [0028] In the invention,
the "tensile strength” of the easily dyeable meta-type wholly aromatic polyamide fiber can be controlled
by making Hr%%?lhe draw ratio in the plasticization drawing bath drawing step and the heat treatment
temperature in the qr p:%at treatmegt 8tep i:rLl r}hg l;gaeq:ufagturinﬁ r?l_eﬁhod del%cégc)fdslgae\;é order to set

the tensile strengthat 2. TIVtex or Jmc?fé, itis essentia% onFyet af the draw ratio is set at 3.5 to 5.0

times, and furiher, {be dryheat tempgrature js sef withip lne tange of 260 {0 330C [9029),, In the

invention, the "elongation at break” of the easily dyeable meta-type wholly aromatic polyamide fiber

can be congralled-Ry. making;praperihegoagylatiop:hath condifions. dp g epagulaton sige in the

manufacturing method described later. In order to achieve 30 % or more, it is essential only that the

coagulation-saldtian: isran sguequs selution withhapNMB sencentiatien efAs4a-60mAse¥%k: and the
temperature of the bath solution is set at 10 to 35C. [0030] [Percentage dye exhaustion of dyed fiber]

As for the easiy siyeable ddetectypenshohsaromatic palyamide-ihereitheliaverntionz thel percentage
dye exhaustion of the dyed fiber dyed by the foregoing dyeing method is preferably 90 % or more. The
percentagediyewextrmuston af-thieedyenfibexis preferabiyf9@ % ek more, and further preferably 92 % or
more. When the dyed fiber has a percentage dye exhaustion of less than 90 %, it is not preferable in
terms of thel@&stRétic property required in the field of clothes. Thus, the dyed fiber cannot be dyed in a
desirable hue. [0031] Incidentally, the "percentage dye exhaustion” in the invention denotes the

value obtainable in e follfowiRg Mrannéfe(Péicentatdye Exhaasonyorntent of the

fiber" in the invention dencies the value cobtained in the
following manner.
(Measuring method of residual solvent content)

About 8.0 g of a fiber ig collected, and is dried at 103°C
for 120 minutes. Then, it is allowed to cool in a desiccator
toc weigh the fiber masg (M1). Subsequently, for the fiber,
reflux extraction is carried out in methanol for 1.5 hours by
using a Soxhlet extractor. Thus, extraction of the amide
solvent contained in the fiber is carriedout. The fiber which
has completely undergone extraction is taken out, and is vacuum
dried at 150°C for 60 minuteg. Then, the fiber is allowed to
cool in the desiccator to weicgh the fiber masg (M2) . The amount
of the solvent (amide solvent mass) N(%) remaining in the fiber
is calculated using the obtained M1 and M2 from the following

egquation.

N (%) = [(M1-M2)/M1] x 100



To the dye residual solution which has dyed the fiber, dichloromethane in the same volume as that of
the dye residual solution is added to extract the residual dye. Subsequently, the extraction solution is
measured for the absorbances at wavelengths of 670 nm, 540nm, and 530 nm, respectively. From the
calibration curves at the three wavelengths previously formed from a dichloromethane solution with a
known dye concentration, the dye concentrations of the extraction solution are respectively
determined. The mean value of the concentrations at the three wavelengths is referred to as the dye
concentrati?nécg of the extraction solution. The value obtainable using the dye concentration before
dyeing (Co) fi8hthe following equation is referred to as the percentage dye exhaustion (U).
Percentgge %% gxh% st_iog é%:i[g%o-c Cio X JfOOdeL%)é)éQ]Eib ]I: the inver_1tion, the percentage dye
exhaustion E) e 8)% fiber o ﬁe easﬁy yeatﬁe meta-type wholly aromatic polyamide fiber can be

controlled by optimizing ths crystallizafion ¢ of the fiber in %g fOM@QWa%}%{mé&Tg

coagulation step of the manufacturing method described later, conditions’of the coagulation bath is

adjusted sq.2s to.aghieve e Feaguiated foranpathaving & skingorerin-addiiendn thewdry heat

treatment step, a dry heat treatment is carried out at a specific temperature. In order to set the

percentage fye gxhaustion:afibe dyeddiber=g 90 94.0rimaee. dtiis.essgntiakanly todmplgment the
following: the coagulation solution is an aqueous solution with an NMP concentration of 45 to 60
mass%; thextemaperature 1of-ike badh saluionus 1610 35@;and dherdsy beat Treatmenttemperature is
within the range of 260 to 330C which is the glass transition temperature (Tg) of the fiber or higher.
[0033] [Configueationcof metattypeswhelbearoidticypdamide] morEhe pretbdypéWwholly d@romatic
polyamide forming the easily dyeable meta-type wholly aromatic polyamide fiber of the invention
includes a metastype aremati€ didhizre ngcnent drid ometatypearematic dicarboxylic acid
component. Other copolymerizable components such as para-type ones may be copolymerized
therewith witRif?slich a range as not to impair the object of the invention. [0034] In particular
preferably used ones in the invention are meta-type wholly aromatic polyamides containing a

metaphenylene isopftRafiiBB L FSARRM.nperiet o e vidwdis BRthe*@ymamic
characteristics and the heat resistance. The meta-type wholly aromatic polyamide includipg a
metaphenyheSopHifaIgmis ufit in%]fh%eécfﬁéga n%%ﬁhge%%%ee' isop %ﬁ%e UhitSH %%gamount of
preferably 90,mot%.or,more. further preferably 95 mol%% or more, and in.paticlay prefgranly 100
mol% based ‘on the t6tal amount of the repeating uni s.°[00§§ﬁ

the fiber 1s used as cloth ig ingufficient, undesirably
resulting in a reduction of the safety.
fooz21]

In the invention, in order to set the strength retention
ratio of the dyed fiber at 65 % or more, during the manufacturing
step of the fiber, the components or the conditions of the
coagulation bath are adjusted so as to achieve a coagulated
form not having a gkin core, and the washing step is completed,
and then, a dry heat treatment is carried out at a specific
temperature.

[0022]
Incidentally, the "stirength retention ratio". in the

invention denoctes the value obtainable in the following manner.



[Raw material of meta-type wholly aromatic polyamide] (Meta-type aromatic diamine component)

As the meta-type aromatic diamine components serving as the raw materials for the meta-type wholly
aromatic polyamide, mention may be made of metaphenylene diamine, 3,4'-diaminodiphenyl ether,
3,4' -diaminodiphenylsulfone, and the like, and derivatives having substituents such as halogen, and
alkyl groups having 1 to 3 carbon atoms at these aromatic rings, for example, 2,4-toluylenediamine,
2,6-toluylenediamine,2,4-diaminochlorobenzene,and 2,6-diaminochlorobenzene. Out of these,
metaphenylene diamine alone, or a mixed diamine containing metaphenylene diamine in an amount of

85 mol% or MEre’ Preferably'86 FI96 S thore antiin PRI Preferatly 95%% &7 nideide

preferred. [9036] élé/lertia-éypte argx}atic carboxylic acid component) As the meta-type aromatic
dicarboxylic aéid co?np%nen?ge ing as the raw material for the meta-type wholly aromatic polyamide,
for example, mentian may_be made of meta-type aromatic dicarbaxylic acid h Eldes. As the, meta-type
romatic dicarbory ST Fa s A b8 Pt A S AL o i B

isophthalic ggidchioride andiisaphihalic,agjd:bramids -and seriyafiyes haying substituents such as

halogen, and alkoxy groups havifng 1 to 3 carbon atoms at these aromatic rings, for example,

3-chloroisophibalic acidigRiodde; OHERLIESE, @BB@@H@ﬁgﬁkﬁhleﬂ@%’@g&%rb@én?fgﬁ@rboxy"c
acid halide containing isophthalic acid chloride in an amount of 85 mol% or more, preferably 90 mol%

or more, angdgnipaftictiarpreferabhn 85 #6104 Moreaia prefaseds [0Q3¢ [Manwdacturing method of
meta-type wholly aromatic polyamide] The manufacturing method of meta-type wholly aromatic

polyamide kasno partisulgysestrictien: FOs examplesdnanulachiingrean becaired sut byselution
polymerization, interface polymerization, or the like using a meta-type aromatic diamine component
and a metattyzpe ardmatickgidarbexyiccacit tiaorideyedmpondritaswawsmatesniatst of the
tensile strength is carried out to determine the strength
retention ratio of the fiber after immersion.
[6023]

Incidentally, the "tensile strength" in the invention
denotes the wvalue obtained from the measurement under the
following conditions using model 5565 manufactured by INSTRON
Co., according to JIS L 1015.

(Measurement conditions)

Grip distance: 20 mm

Initial load: 0.044 cN (1/20 g} / dtex

Tensile rate: 20 mm/min

Whereas, the "dyeing” in the invention meang dyeing by
the following dyeing method unless otherwise gpecified.

[0024]
{(Dyeing method)

There is prepared a dyeing solution containing 6 % owf

of a cationic dye (trade name: Kayacryl Blue GSL-ED (B-54)



[0038] <Manufacturing method of meta-type wholly aromatic polyamide fiber> The easily dyeable
meta-type wholly aromatic polyamide fiber of the invention is manufactured by using meta-type wholly
aromatic polyamide obtained by the foregoing manufacturing method through, for example, a spinning
solution preparation step, a spinning / coagulation step, a plasticization drawing bath drawing step, a
washing step, a relaxation treatment step, and a heat treatment step, described below. [0039]
[Spinning solution preparation step] In the spinning solution preparation step, meta-type wholly
aromatic polyamide is dissolved in an amide solvent to prepare a spinning solution (meta-type wholly
aromatic pIgEMIRSOREr ORGSR RSP praparaffor of e %pir?niﬁg"gd%tiaﬁ?iﬁlgcéﬁ&éﬂ an amide
solvent is used. As the amide solvents tQ ge ﬁed, mentio may bf made of N-meth I-2-|%yrrolidone
(NMP), dimath§HonRamidd DM aifred & tlaor%ﬁbzé’éo {J), Sndtheike "Oufof tese. NMP or

DMAc are preferably used fram the viewpaints of the solubility and.the handlin f [Q040] As
the solutionaglcginac?éhgrat rii agﬁ{gﬁglgcoan@éﬁ'géﬁgry m%%%%gap}pq%&clia?eI?asrg?ebtg? %(?r%%h?%/iewpoints

of the coagylatign rate jn the;spinping 4 £oagulption;stgpwhich is fhe next sten and the salubility of the

polymer. For example, when the polymer is polymetaphenylene isophthalamide, ‘and the solvent is

NMP, In geetpl JggeanerpiralionssetpiafaraRiy wilgie e s of 10ria R mass A4 L Spinning /

coagulation step] e spinning / coagulation step, the spinning solution (meta-type wholly
aromatic palyamigerpolymes selutigr) ebtainesd aguerissRUNLE imgeoaguladion sobtioprand is
coagulated. [0042]
1:40. After the dyeing treatment, using a treatment solution
containing 2.0 g/L hydrosulphite, 2.0 g/L AMIRADINE D (trade
name AMIRADINE D manufactured by DAI-ICHI KOGYO SEIYAKU CO.,
Ltd.), and 1.0 g/L sodium hydroxide, in ratiog, 20-minute
reduction washing at 80°C is carried ocut at a bath ratic of
1 : 20. After washing with water, drying is carried out,
regsulting in a dyed fiber.
[0025]
[Tensile strength and elongation at break of fiber]

The tensile strength of the fiber (fiber before dyeing)
of theeagily dyeablemeta-type wholly aromatic polyamide fiber
of the invention is preferably 2.5 c¢N/dtex or more. It is
further preferably 2.7 cN/dtex or more, and in particular
preferably 3.0 cN/dtex or more. When the tensile strength is
less than 2.5 c¢N/dtex, the fiber ig broken during the
post-processing step such as spinning, and undesirably the
passability is deteriorated.

[0026]

Whereas, the elongation at break of the fiber (fiber
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The spinning device has no particular restriction. Conventionally known wet spinning devices are
usable. Further, the device is not required to have a particular restriction on the number of spinning
holes, the array state, and the hole shape of the spinneret, and the like so long as it can perform wet
spinning with stability. For example, there may be used a multi-hole spinneret for spun rayon with of
500 to 30000 holes and a spinning hole diameter of 0.05 to 0.2 mm. [0043] Whereas, the
temperature of the spinning solution (meta-type wholly aromatic polyamide polymer solution) when the
spinning solution is spun out from the spinneret is properly within the ra&ge of 10 to 90C. [0044]

As the coag@afds bhif 18:8e Gded 5 6BfIMiHGTHBFbeT SHEhE invERGoiah Bgdesu&datition not

containing an jnorganic salt, and having an NMP concentration of 45 tqQ 60 mass% is used at a bath
colution terdarE et e ity BF10 S SHEL i NP BHEATrALE o (6o T 35 maosys

results in a fhick skin structure, which t;j:eﬂl)tj es Ehf washing efficiency in the washing step, This results
in a difficulty in Sétting the residualsoivent content of the fiber at'0.f massdh o Tess. Whereas, when

the NMP cqneentiatign exgeeds.00.mass%. ynlr soaskiation.cannal be.caied ut o be fiber

inside. This' results In a difficulty in setting the residual solvent content of the fiber at 0.1 mass% or

less, and furiher, results inandasifiigient acjdsesist ﬁe'g%gg%ﬂtﬁ%ég%ﬁ%%t@f‘cﬁf the fiber in
0

the coagulation bath is properly within the range of 0.1 seconds. [0045] In the invention, by

setting the gamppnents:of the canditiens-abthe coagulationhadls as described above, it is possible to
reduce the thickness of the skin formed on the fiber surface, and achieve a structure uniform through

the fiber insjde.2As a result, it is possible to more improve the dyeability and the acid resistance, and
further to improve the elongation at break of the resulting fiber. [0046] [Plasticization drawing bath
drawing step] Im:the plastieizaton dnawing bathldrawingrsted; Whitelthe libegaltamed. from
coagulation in the coagulation bath is in a plasticized state, the fiber is subjected to a drawing
treatment ibagidsticikaticnidrawiebatdejo04F the values obtained from the

measurement under the measurement conditions of the "tensile
strength" according to JIS L 1015.
[0028]

In the invention, the "tensile strength" of the easily
dyeable meta-type wholly arcomatic polyamide fiber can be
controlled by making proper the draw ratic in the
plasticization drawing bath drawing step and the heat treatment
temperature in the dry heat treatment step in the manufacturing
method described later. In order to set the tensile strength
at 2.5 cN/dtex or more, it is essential only that the draw ratio
issetat 3.5t0 5.0 times, and further, the dry heat temperature
is get within the range of 260 to 330°C.

10029}

In the invention, the "elongation at break" of the easily

dyeable meta-type wholly aromatic polyamide fiber can be

controlled by making proper the coagulation bath conditions

11



The plasticization drawing bath solution has no particular restriction. Conventionally known bath
solution can be adopted. [0048] In order to obtain the fiber of the invention, the draw ratio in the
plasticization drawing bath is required to be set within the range of 3.5 to 5.0 times, and further
preferably within the range of 3.7 to 4.5 times. In the invention, by carrying out plasticization drawing
within the range of specific ratios in a plasticization drawing bath, it is possible to promote desolvation
from the coagulated yarn. As a result, the residual solvent content of the fiber can be set at 0.1 mass%
or less. [0049] When the plasticized draw ratio in the plasticization drawing bath is less than 3.5
times, desolatidHHOR? fRESRMb&EMBR N AfdEH ReaTastiedt BeEsmeliticult to set
the residual solvent content qf the fiber at,0.1 mass% or less. Further, the tensile strength becomes
insufficient, {85ing i1 ¥y 17 RABRGn BioteeBint- & 8ps SuchFas SRIAg S8 10n the
other hand,tvt%/lh%n %@1% d(rj%vg_ r%tﬂ%gxceeds %8 ttim%s, isénglg yarn greaska e,0ccurs, %oi@gt é@le
production s A ity Is détenorate 1[885813 The temperaflucr(e of the plas iciz&tion drawing bath is

preferably wifin dhe,fange 10,0 0C..When the teaiperatuteys Riglerabiy within the.range of 10 to

90C, the step condition is good. [0051] [Washing step] In the washing step, er drawn in the
plasticizati%%ra%v'%bg@l@@yg'&gieﬁlyé@__shgg. Y\{)asgﬁgngjgﬁgcts the aspect of the quality of the
: RS :

resulting fiber, and hence is preferably carried out inmult steps. Particularly, the temperature of the
washing batty tthe washing step and the concentration of the amide solvent in the washing solution
affect the extraction state of the amide solvent from the fiber and the penetration state of water from
the washing bathdstathgfingyeFerthisireasen, algo dytedmsiatéhg aim of rendering these in the
optimum states, preferably, the washing step is in multi-steps, and the temperature conditions and the
concentration conditisng ofrthelaenide: salvgntdre Tontrollerk 0058te  wHhEltlgmperatareiconditions
and the concentration conditions of the amide solvent have no particular restriction so long as they can
satisfy the qualivpofithe fihdigroblainablertiven tHoneveranhenaha fiestsvdshing batksis isetat a
temperature as high as 60C or more, penetration of water into the fiber occurs at a time. Accordingly, a
huge void i€forfrea irfifribEi MeicHERilddeteherafier 8pthtrualiye FBFthirEieaR6n, ithie first

washing bath is preferably set at a temperature as low as 30C or less. ,
preferably 20 % or more. The percentage dye exhaustion of the

dyed fiber is preferably 90 % or more, and further preferably
92 % or more. When the dyed fiber hasgs a percentage dye
exhaustion of less than 90 %, it is not preferable in terms
of the aesthetic property required in the field of clothes.
Thus, the dyed fiber cannot be dyed in a desirable hue.
[0031]

Incidentally, the "percentage dye exhaustion'" in the
invention denotes the value obtainable in the following manner.
{Percentage dyve exhausticon)

To the dye residual solution which has dyed the fiber,
dichloromethane in the same volume ag that of the dye regidual
solution is added to extract the regidual dye. Subseguently,

the extraction soclution is measured for the absorbances at

wavelengths of 670 nm, 540 nm, and 530 nm, respectively. From

12



[0053] When a solvent is left in the fiber, the environmental safety in processing of products using
the fiber, and use of products formed using the fiber is undesirable. For this reason, the amount of the
solvent contained in the fiber of the invention is 0.1 mass% or less, and further preferably 0.08 mass%
or less. [0054] [Dry heat treatment step] In the dry heat treatment step, the fiber which has
undergone the washing step is dried / heat treated. The method of the dry heat treatment has no
particular restriction. However, for example, mention may be made of a method using a heat roller, a
hot plate, or the like, f%% completing the dry heat treatment, the easily dyeable meta-type wholly

aromatic polyamitR’f ]f%?{ﬁ’é“in%qéﬁﬂ’oerﬁcfntbéﬁﬁalvgﬁtgin‘gﬁVFOJO%% Ehe | DERIET 98 Bbtain the fiber

of the invention, the heat treatment t erature in the dry,heat treatment step is required to be set
Within the rEmd 5P 2600 3300 TR e SreFeraDly 15 be SaC it (e 1ange SFB70 45 910C.

when the heahegiment tempergylte 5 ess AN 200C arysiallzagen gtite fherhocomes

insufficient. Accordingly, the objective acid resistance becomes insutficient. On

case of moe;thap;330G,the,crystalization of the-fiber aceurs topauch Accardingly, thedyeability is

largely reduced. Further, setting of the dry heat treatment temperature within the range of 260 to 330C

contributes g e improvemest of the tensile-sirengih of the resulting dbek- Examplesd0056]
Below, the present invention will be more specifically described by way of Examples and the like,
which shouliaothe: eenstruad aslimitingthecseopeacefthediventiofl ution. The value
obtainable using the dye concentration before dyeing (Co) from
the following eguation is referred to as the percentage dye
exhaustion (U).

Percentage dye exhaustion (U) = [{Co-C)/Co] x 100
[6032]

In the invention, the percentage dye exhaustion of the
dyed fiber of the easily dyeable meta-type wholly arcmatic
polyvamide fiber can be contreolled by optimizing the
crystallization degree of the fiber in the following manner.
In the coagulation step of the manufacturing method described
later, the conditions of the coagulation bath is adjusted so
as to achieve the coagulated form not having a skin core. In
addition, in the dry heat treatment step, a dry heat treatment
ig carried out at a gpecific temperature. In order to set the
percentage dye exhaustion of the dyed fiber at 90 % or more,
it is essgential only to implement the following: the
coagulation solution is an agueous solution with an NMP

concentration of 45 toc 6C mass%; the temperature of the bath

golution is 10 to 35°C; and the dry heat treatment temperature

13



[0057] <Measuring method> Respective physical property values in Examples and Comparative
Examples were measured in the following manner. [0058] [Fineness] Measurements in
accordance with the method A of the fineness based on corrected mass were carried out according to
JIS L 1015, and the value is expressed in terms of the apparent fineness. [0059] [Tensile strength,
elongation at break] Measurements were carried out by means of model 5565 manufactured by
INSTRON Co., according to JIS L 1015, under the following conditions: (Measurement conditions) Grip

distance: 20 mm Initial load: 0.044 cN (1/20 g) / dtex Tensile rate: 20 mm/min [0060],
is within the range of 260 £© 330°Cwhich is the glass trangition

temperature (Tg) of the fiber or higher.
[0033]
[Configuration of meta-type wholly aromatic pcolyamide]

The meta-type wholly aromatic polyamide forming the
easily dyeable meta-type whelly aromatic polyamide fibexr of
the invention includes a meta-type arcmatic diamine component
and a meta-type arcmatic dicarboxylic acid component. Other
copolymerizable components such as para-type ones may be
copolymerized therewith within such a range as not to impair
the object of the invention.

[0034]

In particular preferably used ones in the invention are
meta-type wholly aromatic polvyamides containing a
metaphenylene isophthalamide unit as a main component from the
viewpoints of the dynamic characteristics and the heat
reslstance. The meta-type wholly aromatic polyamide
including a metaphenylene isophthalamide unit includes the
metaphenylene isophthalamide unit in an amcunt of preferably
90 mol% or more, further preferably 95 moi% or more, and in
particular preferably 100 mol% based on the total amcunt of
the repeating units.

[0035]
[Raw material of meta-type wholly aromatic polyamide]

{(Meta-type aromatic diamine component)

14



[Percentage dye exhaustion] To the dye residual solution which has dyed the fiber,
dichloromethane in the same volume as that of the dye residual solution is added to extract the
residual dye. Subsequently, the extraction solution is measured for the absorbances at wavelengths of
670 nm, 540 nm, and 530 nm, respectively. From the calibration curves at the three wavelengths
previously formed from a dichloromethane solution with a known dye concentration, the dye
concentrations of the extraction solution are respectively determined. The mean value of the
concentrations at the three wavelengths is referred to as the dye concentration ,ﬁ%C%Qf the extraction

solution. The value’ShtaiHatTe benghE dYeBBicentratdh Befofe BYSRGES) Fohy tHdfwing

equation is referred to as the percentage dye exhaystion (U)..Percentage dye exhaustion (U) =
(o CoT RO 0 ot Fror RO TANG (ol e Toh T E s BAhAEle fask, 2

20 mass% us sulfuric acid solution js ¢harged,.and fiber which. been dyed
§8%%‘?Lo% [ig.acid solution is gh o %%%’Eﬁ%ﬁf%&tﬁe ‘HE%%

is immersed therein. Subseduently, the separable flask is immerse ermobath, and is held at a

temperaturg of 5QG. Jthe.dypd fiheris immersed;therelp for 150, houss. o1 the: fikgr beforg and after

dyeing, the measurement of the tensile strength is carried out by the measuring method to determine

the strength retentien ratin ofibe-fiber aflerimmersion [0262] {Residyal selvert eontentof fiber] A

fiber was collected in an amount of about 8.0 g, and was dried at 105C for 120 minutes. Then, the fiber
was allowed 4@ cookifiia gesigpatardo weigh the fiberamassi(Mipmukseqiesty, fordhe fiber, reflux
extraction was carried out in methanol for 1.5 hours by using a Soxhlet extractor. Thus, extraction of
the amide solvent contained ifcthe fiber waskearried put. The fikerwhichinasoomileteiynendergone
extraction was taken out, and was vacuum dried at 150C for 60 minutes. Then, the fiber was allowed
to cool in the, desicchtoriterveelighthiafiber mass (MR Ehvel aouhtobthersotrent (amideasdlvent mass)
N(%) remaining in the fiber was calculated using the obtained M1 and M2 from the following equation.
N (%) = [(MA-K2PMEE 00 [boe3PeERample 1> Out  of these, metaphenylene

diamine alone, or a mixed diamine containing metaphenylene
diamine in an amount of 85 mcl% or more, preferably 90 mol%
or more, and in particular preferably 95 % or more are
preferred.

[0036]

{Meta-type aromatic carboxyliic acid component)

Ag the meta-type aromatic dicarboxylic acid component
gerving as the raw material for the meta-type wholly aromatic
polyamide, for example, mention may be made of meta-type
aromatic dicarboxylic acidhalides. As themeta-type aromatic
dicarboxylic acid hallides, mention may be made of isophthalic
acid halides such asg isophthalic acid chloride and isophthalic
acid bromide, and derivatives having substituents such as
halogen, and alkoxy groups having 1 to 3 carbon atoms at these

aromatic rings, for example, 3-chloroigophthalic acid

chloride. Out of these, isophthalic acid chloride itself, or

15



[Spinning solution preparation step] A polymetaphenylene isophthalamide powder with an intrinsic
viscosity (I. V.) of 1.9, manufactured by an interface polymerization method according to the method
described in JP-B-47-10863 was suspended in an amount of 20.0 parts by mass into 80.0 parts by
mass of N-methyl-2-pyrrolidone (NMP) cooled to -10C, to be in a slurry form. Subsequently, the
suspension was heated to 60C for dissolution, resulting in a transparent polymer solution A. [0064]
[Spinning / coagulation step] The polymer solution A was discharged as a spinning stock solution
through a spinneret.with a hole diameter. of 0.0 and with 500 holes into, a coagulatian,bath at a
bath tempeér)am:r%: %?36811“5)? s}{p}fr?ﬁiﬁg Y ﬁ“g c%ggzu%%oncgé}ﬁt%ﬁ} had alcso?#pots%ﬁ?o?n%f ﬁgtjé?/ NMP = 45

/95 (parts 93%%?5& ang was disshatosskinia the.coagulatin. bath,aLa yadspearhol,d /min for

spinning. [0 asticization drawing bath drawing step] Subsequently, drawing was carried out

at a draw rgfjo of 3-Z timeg, in the, plastigization.drawing hath of g campasitign ofwaler gha
temperature of 40C / NMP = 45/ 55. [0066] [Washing step] After drawing, washing was carried
out in a bath{iremersign length 1.8 m) of 20C water / NMP =70/ 30, and

[0037]
[Manufacturing method of meta-type wholly aromatic polyamide]
The manufacturing method of meta-type wholly aromatic
polyamide has no particular restriction. For example,
manufacturing can be carried out by solution polymerization,
interface polymerization, or the like using a meta-type
aromatic diamine component and a meta-type aromatic
dicarboxylic acid chloride component as raw materials.
{0038]
<Manufacturing method of meta-type wholly aromatic polyamide
fibers
The easily dyeable meta-type wholly aromatic polyamide
fiber of the invention i1s manufactured by using meta-type
wholly aromatic polyamide cobtained by the foregoing
manufacturing method through, for example, a spinning sclution
preparation step, a spinning / coagulation step, a
plasticization drawing bath drawing step, a washing step, a
relaxation treatment step, and a heat treatment step, described
below.
[003g]

[Spinning solutlion preparation step]

16



subsequently, in a 20C water bath (immersion length 3.6 m) Further, washing was sufficiently carried
out through a 60C warm water bath (immersion length 5.4 mm) . [0067] [Dry heat treatment step]

The fiber after washing was subjected to a dry heat treatment by means of a heat roller with a surface
temperature of 280C, resulting in a meta-type wholly aromatic aramid fiber. [0068] [Physical properties
of fiber] The resulting fiber had physical properties of a fineness of 1.7 dtex, a tensile strength of
2.8 cN/dtex, an elongation at break of 51.0%, and a residual solvent content of 0.08 mass% , and
showed favorable dynamic characteristics. The physical properties of the resulting fiber are shown in

Table 1. [0069] [Dy&hgstEp]°P " Hhife {3S prepated Bhehfty sattisH E5ntaliriyg's %4 BWr of a
cationic dye (trade name: Kayacryl Blue GSL-ED (B-54) manufactured by, NIPPON KAYAKU Co. , Ltd.
708 M RS AT A S R 7o G BT SICohd nE T A gt and 0.5 ot

dyeing auxilia%%%%nt (éradg r%manrpﬁ:%glsggﬁeult :‘r_noar%”fal%t H:GQW%&AQE'S% &WEM@%%YCE%KS Ltd.) as
st 1

. T - SD. )
a dlspersarﬁ . A'sample fib&r in ato ate was subjected to a dyeing treatmént at for 60

minutes wi .rati the fi : yein it £l ftert yel ent, using
a treatmen?%gi%ﬁl?gn alr%%glézp(%(lgl?r?y%%gﬂ Ibhitg %{J(‘)tg tg%_bgﬁ%égB?Nngg(%gd%E%gg%% IRADINE

D manufaciiad by DA-HGHEKQLYO SEHY AW (eOsditddnand 4.0 8dg sodiumdydraxideein ratios,

20-minute reduction washing at 80C was carried out at a bath ratio of 1 : 20. After washing with water,
drying was ganrigshew, resudfing insa dyed:fiber. [00¢0] {Rhysicalqugpertips of dyeddiber add the like]
The percentage dye exhaustion of the dyed fiber was 92.4 %, and favorable dyeability was shown.
Further, thettensile: girengthyafthé tiged &ber (xase2.9 cNittex angd therteasitedstrendtbivafithe dyed
fiber after carrying out the acid resistance test was 1.9 cN/dtex, and the strength retention ratio was 66
%. Thus, falomabiéatisresistante WaEshowrn The:pleysicadpropertiesdf tHesesultifigtfiber are shown

in Table 1.
DMAc are preferably used from the viewpoints of the solubility

and the handling safety.
[0040]

As the solution concentration, a proper concentration
may be appropriately selected from the viewpoints of the
coagulation rate in the spinning / coagulation step which is
the next step and the solubllity of the polymer. For example,
when the polymer is polymetaphenylene isophthalamide, and the
solvent ig NMP, in general, the concentration is set preferably
within the range of 10 to 30 mass%.

[0041]
[Spinning / coagulation step]

In the spinning / coagulation step, the gspinning sclution
{meta-type wholly aromatic polyamide polymer sclution)
obtained above ig spun out in a ccagulation solution, and is
coagulated.

[0042]

17



[0071] <Example 2> [Spinning solution preparation step] Into a reaction container equipped with a
stirring device and a raw material charging port, 854.8 parts of N-methyl-2-pyrrolidone (which will be
hereinafter abbreviated as NMP) was charged. Into the NMP, 83.4 parts of metaphenylene diamine
(which will be hereinafter abbreviated as MPDA) was dissolved.Further, to the solution, 156.9 parts of
isophthalic acid chloride (which will be hereinafter abbreviated as IPC) was gradually added with
stirring to effect the reaction. Stirring was continued for 40 minutes from the start of the reaction. Then,
57. 1 parts of a calcium hydroxide power was added. Further, stirring was performed for another 40

minutes.then, the réaGtiofi WaSeRRin&dRd e poifindtiZatioASohtiorwastaREr bt frofh-the reaction

container. As a reSLéIt, the fglga%]erlzatlon solution was gggfs:.Lparent and tggfglymg{z %%%centratlon was

16 %. [007 %ﬁrﬁnijhar}a}:oa ation s‘feeﬁ %%%ﬁ&%g on dra\?vﬁlsg %ﬁé&%?awmg‘step, wasﬁflfﬂg step,

water vapof felaxalipn ieqLireament siep, iy peatiicaiment stepl - ., , A palymefanhenylene

. = i :
isophthalamide fiber was obtained in the same manner as in Example 1, except that the resulting

polymerization solution,was used as & spiningssiack splution. the dray gati jnsthe, plasticization

drawing bath was set at 3.5 times, and the surface temperature in the dry heat treatment step was set

at 310C. [0Q¥3HPhysical propeties.ai fibeth s +nEhe reaultingfibes hagd physical prapestias of a
fineness of 1.7 dtex, a tensile strength of 3.2 cN/dtex, an elongation at break of 45.3 %, and a residual
solvent content ef .10 Mass¥ ch stability. For example, there may be used
amulti-hole spinneret for spun rayon with of 500 te 30000 holes
and a spinning hole diameter of 0.05 to 0.2 mm.
ioco43]
Whereas, the temperature of the spinning solution
(meta-type wholly arcmatic polyamide polymer sclution) when
the gpinning solution is spun out fromthe spinneret is properly
within the range cf 10 to 390°C.
[0044]
Ag the coagulation bath to be used for obtaining the fiber
of the invention, an agueous sclution not containing an
inorganic salt, and having an NMP concentration of 45 to 60
mass% is used at a bath sclution temperature within the range
of 10 to 35°C. An NMP concentration of less than 45 mass$%
results in a thick skin structure, which reduces the washing
efficiency in the washing step. This results in a difficulty
in setting the residual solvent content of the fiber at 0.1
mass% or lesg. Whereas, when the NMP concentration exceeds

60 mass%, uniformcoagulation cannot be carried out to the fiber

ingide. This results in a difficulty in setting the residual
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The physical properties of the resulting fiber are shown in Table 1. [0074] [Dyeing step] The
resulting fiber was subjected to a dyeing step in the same manner as in Example 1. [0075] [Physical
properties of dyed fiber and the like] The percentage dye exhaustion was 91.0 96, and favorable
dyeability was shown. Further, the tensile strength of the dyed fiber was 3.2 cN/dtex, and the tensile
strength of the dyed fiber after carrying out the acid resistance test was 2.4 cN/dtex, and the strength
retention ratio was 75 %. Thus, favorable acid resistance was shown. The physical properties of the

resulting fibe@re shown in Tablegl. H%O??FExan}:plg 31> Maanactuq%%(s)f figgg r@h
e

polymetapﬁ‘e Ye%tis%%%ﬁearfgm? rwaj'%egbt%lned in The Same manner a8 in IE)‘”(lampFeKZ, except

that the drawy ratip ip the aE’l%a%%Céﬁ%IEO{‘c‘lr%g%‘gcba%'}f ;ﬁ%‘a%t 4,5 times. i%‘%‘%& styfacs emperature
in the dry heat treatment step was set at . fO %% ysical properties of fi e]r]

immersion time of the fiber in the coagulation bath is properly

within the range of 0.1 to 30 seconds.

[0045]

In the invention, by setting the components or the
conditions of the coagulation bath as degcribed above, it is
pcessible to reduce the thickness of the skin formed on the fiber
surface, and achieve a structure uniform through the fiber
ingide. Ag a result, it 1ig possible to more improve the
dyeability and the acid resistance, and further to improve the
elongation at break of the resulting fiber.

[004¢]
[Plasticization drawing bath drawing stepl

In the plasticization drawing bath drawing step, while
the fiber obtained from ¢oagulation in the ccagulation bath
ig in a plasticized state, the fiber is subijected to a drawing
treatment in a plasticization drawing bath.

[0047]

The plasticization drawing bath solution has no
particular restriction. Conventionally known bath solution
can be adopted.

[0048]
In order to obtain the fiber of the inventiocon, the draw

ratio in the plasticization drawing bath is required to be set
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The resulting fiber had physical properties of a fineness of 1.7 dtex, a tensile strength of 3.6 cN/dtex,
an elongation at break of 36.1 % , and a residual solvent content of 0.06 mass-% . The physical
properties of the resulting fiber are shown in Table 1. [0078] [Dyeing step] The resulting fiber was
subjected to a dyeing step in the same manner as in Example 1. [0079] [Physical properties of dyed
fiber and the like] The percentage dye exhaustion was 91.5 %, and favorable dyeability was
shown. Further, the tensile strength of the dyed fiber was 3.5 cN/dtex, and the tensile strength of the
dyed fiber after carrying out the acid resistance test was 2.5 cN/dtex, and the strength retention ratio

was 71 %. fﬁﬁglfavzﬁ}h%lg Witfredlstance E\%SSSh%VEﬁ.%’pWCﬁLB‘FBBgmé%%? fré Pesuiting fiber
T LR e & Wiy o od PRI
solution composition wag et at water (NME.3 5% / 42 10, 1igsPipping:, coggulation step. JP081]
specific ratios in a plasticization drawing bath, it is
possible to promote desolvation from the coagulated yarn. As
a result, the residual solvent content of the fiber can be gset
at 0.1 mass% or less.
i0049]

When the plasticized draw ratio in the plasticization
drawing bath is less than 3.5 times, desolvation from the
coagulated yvarn becomeg ingsufficient. As a result, it becomes
difficult to set the residual solvent content of the fiber at
0.1 mass% or less. Further, the tensile strength becomes
insufficient, resulting in a difficulty in handling in
processing steps such as a spinning step. On the other hand,
when the draw ratio exceeds 5.0 times, single vyarn breakage
occurs, =0 that the production stability is deteriorated.
10050}

The temperature of the plasticization drawing bath is
preferably within the range of 10 £¢ 90°C. When the temperature
ig preferably within the range of 10 to 90°C, the step condition
is good.

[0051]
[Washing step]

In the washing step, the fiber drawn in the
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[Physical properties of fiber] The resulting fiber had physical properties of a fineness of 1.7 dtex, a
tensile strength of 3.7 cN/dtex, an elongation at break of 32.0%, and a residual solvent content of 0.05
mass% . [0082] [Dyeing step] The resulting fiber was subjected to a dyeing step in the same
manner as in Example 1. [0083] [Physical properties of dyed fiber and the like] The percentage
dye exhaustion was 90.4 %, and favorable dyeability was shown. Further, the tensile strength of the
dyed fiber was 3.7 cN/dtex, and the tensile strength of the dyed fiber after carrying out the acid

resistance test was 2.7 cN/dtex, and the strength retentign ratio was 73 %. Thus, {?v able acid
resistance Was's %ﬁv%?ﬁ'%léopr}1y%$§awjp?&séﬁgg of ?hglrlgé%&t?ﬁgeﬁggryar‘gaﬁ%%vgn' in gof{él

1.10084]
<Comparalle:Exanpie, 1> {Mandfageriggoidiberl o, Aebametaghamiene jsophihalamide fiber

was obtaine e same manner as in Example 2, except that the coagulation solution composition

was set at waterd NMB.= £0/ 30+ the.spinning fcoagriation siep.Jhe draw.ralie.in the plasticization

drawing bath was set at 3.7 times, and the surface temperature in the dry heat treatment step was set
at the temperature of the washing bath in the washing step and

the concentration of the amide solvent in the washing solution
affect the extraction state of the amide solvent from the fiber
and the penetration state of water from the washing bath into
the fiber. For this reason, also in terms of the aim of
rendering these in the optimum states, preferably, the washing
step is inmulti-steps, and the temperature conditions and the
concentration conditions of the amide solvent are controlled.
[0052]

The temperature conditions and the concentration
conditions of the amide solvent have no particular restriction
so long as they can satisfy the guality of the finally
obtainable fiber. However, when the first washing bath is set
at a temperature as high as 60°C or more, penetration of water
into the fiber occurs at a time. Accordingly, a huge veid is
formed in the fiber, which entails deterioration of the quality.
For thisg reason, the first washing bath is preferably set at
a temperature as low as 30°C or less.

[0053]

When a solvent ig left in the fiber, the environmental

safety in processing of products using the fiber, and use of

products formed using the fiber is undesirable. For this
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280C. [0085] [Physical properties of fiber] The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 2.5 cN/dtex, an elongation at break of 25.0 %, and a residual solvent
content of 0.30 mass% . The physical properties of the resulting fiber are shown in Table 1. [0086]
[Dyeing step] The resulting fiber was subjected to a dyeing step in the same manner as in
Example 1. [0087] [Physical properties of dyed fiber and the like] The tensile strength of the dyed
fiber was 2.6 cN/dtex, and the tensile strength of the dyed fiber after carrying out the acid resistance
test was 1.8 cN/dtex, and the strength retention ratio was 69 %. Thus, favorable results were shown.
However, tR&pERBntadecd P eidutibniids §9. 5% thcIRdRatisg ad inddthciéAb®suf fThe
physical properties of the resulting fiber are shown in Table 1. [0088] <Comparative Example 2>

A polymetabﬁ@n&%ﬁ%ﬁgdﬁﬂﬁa?aﬁi&e‘?ﬁj%‘? WAL obtdife iR theidanhie mBAREEEREXAmpTe 2, except
that the coagulation solution composition was set at water / NMP - 30 / 70 in the spinning / coagulation
step, the dr Afio M t eﬁ?\Sticization drawing bath was set at 3.7 times, and the surface
temperature[ Hbrglg]dry heat treatment step was set at

[Dry heat treatment step]

In the dry heat treatment step, the fiber which has
undergone the washing step is dried / heat treated. The method
of the dry heat treatment has no particular restriction.
However, for example, mention may be made of a method using
a heat roller, a hot plate, or the like. By completing the
dry heat treatment, the easily dyeable meta-type wholly
aromatic polyamide fiber of the inventicon can be finally
obtained.

[0055]

In order to obtain the fiber of the invention, the heat
treatment temperature in the dry heat treatment step 1Is
required to be set within the range of 260 to 330°C, and furthexr
preferably to be get within the range of 270 toc 310°C. When

the heat treatment temperature 18 less than 260°C,

crystallization of the fiber becomes insufficient.

Accordingly, the cbjective acid resistance Dbecomes

insufficient. On the other hand, in the case of more than 336°C,

the crystallization of the fiber cccurs toomuch. Accordingly,
the dyeability is largely reduced. TFurther, setting of the

dry heat treatment temperature within the range of 260 to 330°C
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28000. [0089] [Physical properties of fiber] The resulting fiber had physical properties of a
fineness of 1.7 dtex, a tensile strength of 2.4 cN/dtex, an elongation at break of 28.0 s, and a residual
solvent content of 0.60 mass% . The physical properties of the resulting fiber are shown in Table 1.
[0090] [Dyeing step] The resulting fiber was subjected to a dyeing step in the same manner as in
Example 1. [0091] [Physical properties of dyed fiber and the like] The percentage dye exhaustion
was 94.0 %, thus indicating favorable dyeability. However, the tensile strength of the dyed fiber was

24cN/dtex an %nsneﬁs]tr% %th of the é/ed nS% /gf% a{%/ gut tl*ge aC| £%5|st,£anccl,(l-:- test was

1.2 cN/dtex an ]fﬁ stréng ention Fatio was us indicating a poor resultin tefms of the
acid res|stqugu[£)gggb<g%g)§rative Example 3> [Manufacturing of fiber]

Examplies
[0056]

Below, the pregent invention will be more specifically
described by way of Examples and the like, which should not
be construed as limiting the scope of the invention.

[0057]
<Measuring methods

Respective physical property values in Examples and
Comparative Examples were measured in the following manner.
[0058]

[Fineness]

Measurements in accordance with the method A of the
finenegs based on corrected mass were carried out according
toJIS L 1015, and the value is expressed in terms cof the apparent
fineness.

[0059]
{Tensile strength, elongation at break]

Meagurements were carrvied ocut by means of medel 5565
manufactured by INSTRON Co., according to JIS L 1015, under
the following conditions:

(Measurement conditicns)

Grip distance: 20 mm
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A polymetaphenylene isophthalamide fiber was obtained by forming a spinning stock solution in the
same manner as in Example 2, and in the same manner as in Example 2, except that the draw ratio in
the plasticization drawing bath was set at 3.0 times, and the surface temperature in the dry heat
treatment step was set at 280C. [0093] [Physical properties of fiber] The resulting fiber had
physical properties of a fineness of 1.7 dtex, a tensile strength of 2.2 cN/dtex, an elongation at break of
55.3 %, and a residual solvent content of 0.60 mass% . The physical properties of the resulting fiber

are shown in Table 1.I£OO,94 [Dyeing ste%J The r?sultin fizer was subjected to a dyeing step in
the same manner a51h Ex&mpl& 12 [000s] fBhysital pfaperfies 4f &t iber and the like] The

percentage dye exhaustion was 93.8 % thntqjsgndicating favorable dyeability. However, the tensile

strength of the dyedeﬁrbséjrL was 22 eN/ t%x, and the tensile strength of the dyed fiber after carrying out

the acid res{%t@%? test was 1.2 cN/dtex, and the strength retention ratio was 55 3], thus indicating a
poor result in terms of the acid resistance. [0096] <Comparative Example 4>

[Percentage dye exhaustion]

To the dye residual solution which has dyed the fiber,
dichloromethane in the same volume as that of the dye residual
golution is added to extract the residual dye. Subsequently,
the extraction solution is measured for the absorbances at
wavelengths of 670 nm, 540 nm, and 530 nm, respectively. Fronm
the calibration curves at the three wavelengths previocusly
formed from a dichloromethane sclution with a known dye
concentration, tThe dye concentrations of the extraction
golution are respectively determined. The mean value of the
concentrationg at the three wavelengths ig referred to as the
dye concentration (C) of the extraction scolution. The value
obtainable using the dye concentration before dyeing (Co) from
the following equation is referred to as the percentage dye
exhaustion (U).

Percentage dye exhaustion (U} = [(Co-C}/Col x 100
[COE1]

[Strength retention ratio (acid resistance tesgt)]

Into a separable flask, a 20 mass% aqueous sulfuric acid
solution is charged, and 51 mm of & dyed fiber which has been
dyed i1s immersed therein. Subseguently, the separable flask

is immersed in a thermobath, and is held at a temperature of
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[Manufacturing of fiber] Manufacturing of a polymetaphenylene isophthalamide fiber was
attempted in the same manner as in Example 2, except that the draw ratio in the plasticization drawing
bath was set at 5.5 times, and the surface temperature in the dry heat treatment step was set at 280C.
However, the step condition was bad, resulting in a difficulty in collecting the fiber with stability for a
long time. [0097] <Comparative Example 5> [Manufacturing of fiber] A polymetaphenylene
isophthalamide fiber was obtained in the same manner as in Example 2, except that the draw ratio in
the plasticization drawing bath was set at 3.7 times, and the surface temperature in the dry heat

treatment stép Wwas SE€atXSot L[0B98] [Fhy e Hr6isk tiBE 6F fibe ] Fhe RESUNAHG Fiber Had physical

properties of a fineness of 1.7 dtex, a tensile strength. of 2.6 cN/dtex, an_elongation at break of 53.0 %
, and a resi rulgl Qfg r\]/geen% c%r%%ﬁf &f &Bé{ ma:tfs,%@/or. ﬂgé? ﬁﬁ?s’lcaﬁc%'?ogé?ﬁlg’s? of fﬁ%l}t%sﬁ%ngc iber are

ShowninT%%@é%igo%ﬂigxgggS&%ﬂcarried out by the meaguring method to

determine the strength retenticon ratic of the fiber after
immersion.

i0062]

{Résidual solvent content of fiber]

A fiber was collected in an amocunt of about 8.0 g, and
was dried at 105°C for 120 minutes. Then, the fiber was allowed
to cool in a desiccator to weigh the fiber magg (M1).
Subsequently, for the fibex, reflux extraction was carried out
in methanol for 1.5 hours by using a Soxhlet extractor. Thus,
extraction of the amide golvent contained in the fiber was
carried out. The fiber which has completely undergone
axtraction was taken out, and was vacuum dried at 150°C for
60 minutes. Then, the fiber was allowed to cocl in the
degiccator tc weigh the fiber mass (M2). The amount of the
solvent {amide solvent mass) N(%) remaining in the fiber was
calculated using the obtained M1 and M2 from the following
equation.

N (%) = [(M1-M2)/ML1] % 100
[0063]
<Example 1=
[Spinning solution preparation step]

A polymetaphenylene isophthalamide powder with an
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The resulting fiber was subjected to a dyeing step in the same manner as in Example 1. [0100]
[Physical properties of dyed fiber and the like] The percentage dye exhaustion was 94.8 %, thus
indicating favorable dyeability. However, the tensile strength of the dyed fiber was 2.7 cN/dtex, and the
tensile strength of the dyed fiber after carrying out the acid resistance test was 1.2 cN/dtex, and the
strength retention ratio was 44 %, thus indicating a poor result in terms of the acid resistance. [0101]
[Table 1] 9.x3 .dwooto LO IttCOlc.4

intringic wvigcogity (I. V.} of 1.9, manufactured by an
interface polymerization method according to the method
described in JP-B-47-10863 was suspended in an amount of 20.0
parts bymass into 80.0 parte by mass of N-methyl-2-pyrrolidone
(NMP} cooled to -10°C, te be in a slurry form. Subsequently,

the suspension wag heated to 60°C for digsclution, resulting

in a trangparent polymer sgolution A.
[0064]
[Spinning / coagulation step]

The polymer gcolution A was discharged as a spinning stock
solution through a spinneret with a hole diameter of 0.07 mm
and with 500 holes into a coagulation bath at a bath temperature
of 30°C for gpinning. The cocagulation solution had a
composition of water / NMP = 45 / 55 (parts by masg), and was
digcharged into the coagulation bath at a varn speed of 7 m/min
for spinning.

[0065]
[Pilasticization drawing bath drawing step]

Subseguently, drawing was carried out at a draw ratio
cf 3.7 times in theplasticizationdrawing bath of a composition
of water at a temperature of 40°C / NMP = 45/ 55.

[0066]
[Waghing step]
After drawing, washing was carried out in a bath

{immersion length 1.8 m) of 20°C water / NMP = 7C / 30, and

26



[Z800 0.9 El 8176 E-1717 V .x3 dwoo LC) LI, LO 'd- to

subsequently, in a 20°C water bath (immersion length 2.6 m).
Further, washing wag sufficiently carried out through a 60°C
warm water bath {(immersion length 5.4 mm) .
[0067]
[Drv heat treatment step]

The fiber after washing was subjected to a dry heat

treatment by means of a heat roller with a surface temperature

of 280°C, resulting inameta-type whollyaromaticaramid fiber.

[0068]
[Physical properties cf fiber]

The regulting £iber had physical properties of a fineness
of 1.7 dtex, a tensile gstrength of 2.8 cN/dtex, an elongation
at break of 51.0 %, and a residual solvent content of 0.08 mass%,
and showed favorable dynamic characteristics. The physical
properties of the resulting fiber are shown in Table 1.
[0C69]

[Dyeing step]

There was prepared a dyeing solution containing 6 % owf
of a cationic dye (trade name: Kavyacryl Blue GSL-ED ({(B-54)
manufactured by NIPPON KAYAKU Co., Ltd.), 0.3 mL/L acetic acid,
20 g/L godiumnitrate, 70 g/L benzyl alcohcl as a carrier agent,
and 9.5 g/L dyeing auxiliary agent (trade name: DISPER L
manufactured by MEISET CHEMICAL WORKS, Ltd.) as a dispersant.
A sample fiber in a tow state was subjected to a dyeing treatment

at 120°C for 60 minutes with a bath ratio of the fiber and the
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dveing solution of 1:40. After the dyeing treatment, using
a treatment sclution containing 2.0 g/L hydresulphite, 2.0 g/L
AMIRADINE D (trade name AMIRADINE D manufactured by DAI-ICHI
KOGYC SEIYAKU CO., Ltd.), and 1.C¢ g/L sodium hydroxide, in
ratios, 20-minute reducticon washing at 80°C was carried out
at a bath ratio of 1 : 20. After wasghing with water, drying
was carried out, resulting in a dyed fiber.

fooc70]

{Physical properties of dyed fiber and the like]

The percentage dye exhaustion of the dyed fiber was 92.4 %,
and favorable dyeability was shown. Further, the tensile
strength of the dyed fiber was 2.9 cN/dtex, and the tensile
strength o0f the dyed fiber after carrying out the acid
resistance test was 1.9 cN/dtex, and the strength retention
ratioc was 66 %. Thus, favorable acid resistance wag shown.
The physical propertiesgs of the resulting fiber are shown in
Table 1.

[0071]

<Bxample 2=

[Spinning solution pﬁeparation step]
Intoareaction container equippedwith a stirring device

and a raw material charging ©port, 854.8 9parts of

N-methyl-2-pyrrolidone {which will be hereinafter abbreviated

as NMP) was charged. Into the NMP, 83.4 parts of metaphenylene

diamine (which will be hereinafter abbreviated as MPDA} was
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digsolved. Further, to the solution, 156.9 parts of
isophthalic acid chloride {(which will ©be hereinafter
abbreviated as IPC) was gradually added with stirring to effect
the reaction. Stirring was continued for 40 minutes from the
gtart of the reaction. Then, 57. 1 parts of a calcium hydroxide
power was added. Further, stirring was performed for another
40 nminutes. then, the reaction was terminated. The
polymerization solution was taken out from the zreaction
container. Ag a result, the polymerization sgolution was
transparent, and the polymer concentraticn was 16 %.

[oo72]

[Spinning / coagulation step, plasticization drawing bath
drawing step, washing step, water vapocr relaxation heat
treatment step, dry heat treatment step]

A polymetaphenylene isophthalamide fiber was cbtained
in the same manner as in Example 1, except that the resulting
polymerization solution wag used as a gpinning stock solution,
the draw ratio in the plasticization drawing bath was set at
3.5 timeg, and the surface temperature in the dry heat treatment

step was set at 310°C.

[0073]
[Physical propertieg of fiber]

The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 3.2 ¢cN/dtex, an elongation

at breakof 45.3 %, and a residual solvent content of 0.10 mass%.
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The physical properties of the resulting fiber are shown in
Table 1.

[0074]

[Cyeing stepl

The resulting fiber was subjected to a dyeing step in
the game manner as in Example 1.

[0075]
[Physical properties of dyed fiber and the like]

The percentage dye exhaustion was 21.0 %, and favorable
dyeability was sheown. Further, the tensile strength of the
dyed fiber was 3.2 cN/dtex, and the tensgile gtrength of the
dyed fiber after carrying out the acid resistance test was 2.4
cN/dtex, and the gtrength retention ratio was 75 %. Thus,
favorable acid resigtance was shown. The physical properties
cof the resulting fiber are shown in Table 1.

[0076]
<Example 3>
IManufacturing of fiber]

A polymetaphenylene isophthalamide fiber was obtained
in the same manner as in Example 2, except that the draw ratio
in the plasticization drawing bath was set at 4.5 times, and
the surface temperature in the dry heat treatment step was set
at 280°C.

{06771

[Physical properties of fiber]
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The regulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 3.6 cN/dtex, an elcongation
at break of 26.1 %, and a residual solvent content of 0.06 mass%.

The physical properties of the resulting fiber are shown in

Table 1.
[0o78]
[Dyeing step]

The resulting fiber was subjected to a dyeing step in
the same manner as in Example 1.
roe79l]

[Phygical properties of dyed fiber and the like]

The percentage dye exhaustion was 91.5 %, and favorable
dyeability was shown. Further, the tensile strength of the
dyed fiber wag 3.5 cN/dtex, and the tensile strength of the
dved fiber after carrying out the acid resistance tegt was 2.5
cN/dtex, and the gtrength retention ratio was 71 %. Thus,
favorable acid resistance was shown. The physical properties
of the resulting fiber are shown in Table 1.

[0080]
<Example 4>
Manufacturing of fiber]

A polymetaphenylene isophthalamide fiber was obtained
in the same manner as in Example 3, except that the coagulation
gsolution compositicn was set at water / NMP = 55 / 45 in the

spinning / coagulation step.
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[cogll
[Physical properties of fiber]

The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 2.7 cN/dtex, an elongation
at break of 32.0 %, and a residual solvent content of 0.05 mass%.
[co82]

[Dyeing step]

The resulting fiber was subjected to a dyeing step in

the same manner as in Example 1.
[co83]
[Physical properties of dyed fiber and the likel

The percentage dye exhaustion was 90.4 %, and favorable
dyeability was shown. Further, the tensile strength cf the
dyed fiber was 3.7 cN/dtex, and the tensile strength of the
dyed fiber after carrying out the acid resistance test was 2.7
cN/dtex, and the strength retention ratio was 73 %. Thus,
favorable acid resistance was shown. The physical properties
of the resulting fiber are shown in Table 1.

[0084]
<Comparative Example 1»
[Manufacturing of fiber]

A polymetaphenylene isophthalamide fiber was obtained
in the same manner as in Example 2, except that the coagulation
golution composition was set at water / NMP = 70 / 30 in the

spinning / coagulation step, the draw ratic in the
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plasticization drawing bath was set at 3.7 times, and the
gurface temperature in the dry heat treatment step was set at
280°C.

[CC85]

[Physical properties of fiber]

The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile gtrength of 2.5 ¢N/dtex, an elongation
at breakof 25.0 %, and a residual solvent content of 0.30 mass%.
The physical properties of the resulting fiber are shown in
Table 1.

[0086]
[Dyeing step]

The resulting fiber was subjected to a dyeing step in

the same manner as in Example 1.
{o087]
[Physical properties of dyed fiber and the like]

The tensile strength of the dyed fiber was 2.6 ¢cN/dtex,
and the tensile strength of the dyed fiber after carrying cut
the acid resistance test was 1.8 ¢N/dtex, and the strength
retention ratio was 69 %. Thus, favorable results were shown.
However, the percentage dye exhaustion was 85.3 %, thus
indicating an insufficient result. The physical properties
of the resulting fiber are shown in Table 1.

[0088]

<Comparative Example 2>
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A polymetaphenylene isophthalamide fiber was obtained
in the same manner as in Example 2, except that the coagulation
solution composition was set at water / NMP = 30 / 70 in the
spinning / c¢oagulation step, the draw ratio in the
plasticization drawing bath was set at 3.7 times, and the
surface temperature in the dry heat treatment step was set at
280°C.

[0089]
[Physical properties of fiber]

The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 2.4 cN/dtex, an elongation
at break of 28.0 %, and a residual solvent content of 0.60 mass%.
The physical properties of the resulting filber are shown in
Table 1.

[0090]

[Dyeing stepl

The resulting fiber was subjected to a dyeing step in

the same manner as in Example 1.
[6091]
[Physical properties of dyed fiber and the like]

The percentage dye exhaustion was 94.0 %, thus indicating
favorable dyeability. However, the tensile strength of the
dyved fiber was 2.4 cN/dtex, and the tensile strength of the
dyved fiber after carrying out the acid resistance test was 1.2

cN/dtex, and the strength retention ratio was 50 %, thus
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indicating a poor result in terms of the acid resistance.
[co92]

<Comparative Example 3>

[Manufacturing of fiber]

A polymetaphenylene isophthalamide f£iber was obtained
by forming a spinning stock scluticn in the same manner as in
Example 2, and in the same manner as in Example 2, except that
the draw ratio in the plasticization drawing bath was set at
3.0 times, and the surface temperature in the dry heat treatment
step was set at 280°C.

[0093]
iPhysical properties of fiber]

The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 2.2 cN/dtex, an elongation
at breakof 55.3 %, and a residual solvent content of 0.60 mass%.
The physical properties of the resulting fiber are shown in
Table 1.

[0094]
[Dyeing step]
The resulting fiber was gsubjected to a dyeing step in
the same manner as in Example 1.
[6095]
[Physical properties of dyed fiber and the like]
The percentage dye exhaustion was 93 .8 %, thus indicating

favorable dyeability. BHowever, the tensile strength of the
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dyed fiber was 2.2 cN/dtex, and the tensile strength of the
dyed fiber after carrying ocut the acid resistance test was 1.2
¢N/dtex, and the strength retention ratio was 55 %, thus
indicating a poor regult in terms of the acid resistance.
[CCos]

<Comparative Example 4=

[Manufacturing of fiber]

Manufacturing of a polymetaphenylene isophthalamide
fiber was attempted in the same manner as in Example 2, except
that the draw ratio in the plasticization drawing bath was set
at 5.5 times, and the surface temperature in the dry heat
treatment step wag set at 280°C. However, the step condition
was bad, resulting ina difficulty incollecting the fiber with
stability for a long time.

[0097]
<Comparative Example 5>
fManufacturing of fiber]

A polymetaphenylene isophthalamide fiber was obtained
in the same manner as in Example 2, except that the draw ratio
in the plasticization drawing bath was set at 3.7 times, and
the surface temperature in the dry heat treatment step was set
at 220°C.

[0098]
[Physical properties of fiber]

The resulting fiber had physical properties of a fineness
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8 Z 80.0 019 63166 99 Coagulation bath NMP. composition (water/NMP) Draw ratio in
plasticization bath (times) Dry heat treatment temperature (C) 1 Fineness (dtex) Tensile strength
(cN/dtex) Elongation at break (%)

of 1.7 dtex, a tensile strength of 2.6 ¢N/dtex, an elongation
at break of 53.0 %, and a residual solvent content of 0.08 mass%.
The physical properties of the xesulting fiber are shown in
Table 1.

[00929]

[Dyeing step]

The resulting fiber was subjected to a dyeing step in
the game manner as in Example 1.

[0100C]
{Physical properties of dyed fiber and the like]

The percentage dye exhaustion wag 94.8 %, thus indicating
favorable dyeability. However, the tensile strength of the
dyed fiber was 2.7 cN/dtex, and the tensile strength of the
dyed fiber after carrying out the acid resistance test was 1.2
cN/dtex, and the strength retention ratioc was 44 %, thus
indicating a poor result in terms of the acid resistance.
01011

[Table 1]
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INDUSTRIAL APPLICABILITY [0102] An easily dyeable meta-type wholly aromatic polyamide
fiber of the present invention is a fiber which is excellent in dyeability and acid resistance, and is very
small in residual solvent content of the fiber, and is excellent in environmental safety. For this reason,
the industrial value of this fiber is very large in the fields requiring these characteristics. In the fields in
which an importance is attached on the aesthetic property and the visual property, such as bedding,
clothes, and interior goods, products excellent in safety can be obtained, and hence the utility is very
large. CLAIMS [Claim 1] An eas/iﬁjd eable meta-type wholly aromatic polyamide fiber having a
6 OF fess in the form of the fiber, and having a strength retention

residual SONVERECOMERtof g, I Hagss

ratio of 65 O/io qrd a?re in the form of the dyed fiber after 150-hour immersion in a 50C 20 mass%
agueous su f%ric cid solution. [Claim 2] The easily dyeable meta-type wholly aromatic polyamide

fiber according to claim 1, whereln the peregntage dys exfiaustion of the dyed fiber is 39 3 or more.
fiber of the present invention 1g a fiber which is excellent
indyeability andacid resistance, and is very small in residual
golvent content of the fiber, and ig excellent in environmental
safety. For this reason, the industrial value cf thig fiber
is very large in the fields requiring these characteristics.
In the fields in which an iImportance is attached on the
aesthetic property and the visual property, such as bedding,
clothes, and interior goods, products excellent in safety can

be obtained, and hence the utility is very large.
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CLATMS
[Claim 1]

An easily dyeable meta-type wholly aromatic polyamide
fiber having a residual solvent content of 0.1 mass% or legs
in the form of the fiber, and having a strength retention ratio
of 65 % or more in the form of the dyed fiber after 150-hour
immersion in a 50°C 20 mass% aqueous sulfuric acid solution.
[Claim 2]

The easily dyeable meta-type wholly aromatic polyamide
fiber according to c¢laim 1, wherein the percentage dye

exhaustion of the dyed fiber is 9C % or more.

40



