DESCRIPTION TITLE OF THE INVENTION: EASILY DYEABLE META-TYPE WHOLLY AROMATIC
POLYAMIDE FIBER TECHNICAL FIELD [0001] 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 resistance and dimensional stability. By taking advantage of these
characteristics, the meta-type wholly aromatiéfgsharhitiediber 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 to the fields of beddin\% clothes, interiorgyoods, and the like.Then
TITLE OF THE INVENTION: EAST DYEABLE META-TYPE WHOLLY

ARCMATIC POLYAMIDE FIBER

TECHNICAL FIELD
fcoo1]

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

in acgid resistance.

BACKGROUND ART
[0002]

A meta-type wholly aromatic polyamide fiber such as a
polymetaphenylene terephthalamide fiber has a molecular
skeleton mostly including arcomatic rings, and hence exhibits
excellent heat resistance and dimensicnal stability. By
taking advantage of these characteristics, the meta-type
wholly aromatic pelyamide fiber is preferably used in not only
industrial applications but alsc in applicaticns in which an
importance ig attached to the heat resistance, flame retardancy,
and flame resistance, or other applications. In recent years,

it has found rapidly widening applications to the fields of



particularly in the field of clothes, in addition to the flame resistance and the flame retardancy, further,
the dyeability and the acid resistance are also required as the important 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] 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 metaetgeraromaticpdiyamide fiberhavingdfavdmble slydabitihewithitespect ot vationic dye.
[0005] However, the fiber containing the onium salt added therein is high in cost. Further, in order
to prevent tifgotibgvsalt frond fallihg féora e dibet ldurimgyarhrmadihyt doringpostepiotassing, and
the like, the coagulation conditions for fiber manufacturing cannot be set severe. As a result, the
amount of aXhidt dEmaiFRg it ive ibaris lafRje Fesueny irfinferist envirehniermakddiéfy [0006]

As another method for improving the dyeability, there is proposed the following method. An amorphous
fiber havingPeed R¥offied. drftfthe Hber Swdlién WA wateris vafor AatedS sothstadye is diffused
into the pores of the fiber. This results in a fiber impregnated with the dye throughout the fiber
structure. SHESEUSAT) hE fiber is vapor heated over a sufficient time at a higher temperature than
the glass tra, 5'{'}'{9{' temperature to collapse the pores. As a result, the dye is confined in the fiber
irreversibly t cryleaIIize the fiber (see Patent Literature 2).

However, the meta-type wholly aromatic polyamide fiber
ig unfavorably difficult fo dye with a common methced due to
the rigid polymer molecule chain.

[0004]

Under such circumstances, ag a method for improving the
dyeability, there is proposed a method in which an alkylbenzene
gsulfonic acid onium salt is added te a gpinning 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.

[C005]

However, the fiber containing the onium salt added
therein is high in cost. Further, in order to prevent the cnium
salt from falling from the fiber during varn making, during
post-processing, and the like, the coagulation conditions for
fiber manufacturing cannot be set severe. As a result, the

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



[0007] With this method, it is possible 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 polyamide fiber having easy dyeability, which is small in amount of a
solvent remaining in the fiber, and has an acid resistance. Related art literature Patent Literature
[0009] Patent Literature 1: JP-A-08-081827 Patent Literature 2: JP-A-62-184127

in inferior envircnmental safety.

[C008]

Ag another method for improving the dyeability, there
ig proposed the following method. An amorphous fiber having
pores is 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 throughout
the fiber structure. Subseguently, 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 dve ig confined in the fiber irreversibly to c¢rystallize
the fiber (see Patent Literature 2).

[0C0T7]

With this method, it ig posgible 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 110°C
to 140°C, fiber crystallization ig insufficient, which makes
it difficult to obtain favorable acid resgistance.

{0008]

Therefore, there has not yet been obtained a meta-type

wholly aromatic polyamide fiber having easy dyeability, which

is small in amount of a solvent remaining in the fiber, and

has an acid resistance.



SUMMARY OF THE INVENTION 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 dyeabilityandacidresistance, and with a
very small residual solvent content. MEANS FOR SOLVING THE INVENTION [0011] The present
inventors repeatedly conducted a close study in view of the problem. As a result, they found the
following: by appropriately adjusting the components or conditions of the coagulation bath so as to
achieve a coagulated form not having a skin core, performing plasticization drawing at a specific ratio,
and completirg a weashing:stepr ard thers: performing a dry heat treatment at a specific temperature,
the problem can be solved. This has led to the completion of the present invention. [0012]

Patent Literature

[0009]

Patent Literature 1: JP-A-08-081827

Patent Literature 2: JP-A-62-184127

SUMMARY OF THE INVENTION
PROBLEM THAT THE INVENTION IS TO SOLVE
[0010]

The present invention was made in view of the background
art. It is an obkject 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 THEE INVENTION
[co1i]

The present inventors repeatedly conducted a close study
in view of the problem. As a result, they found the following:
by appropriately adjusting the components or conditions of the
coagulation bath so ag to achieve a coagulated form neot having
a skin core, performing plasticization drawing at a specific
ratic, and completing a washing step, and then, performing a
dry heat treatment at a specific temperature, the probklem can

be sclved. This has led to the completion of the present



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, the industrial value
in the fields requiring these characteristics is very large. In the fields in which an importance is
attached on theragsthetic 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 dyeajale nigta-type wholly aromatic polyamide fiber> An easily dyeable meta-type wholly
aromatic polyamide fiber of the present invention has the following specific physical properties. A
description will be giviem¢d the pinesicahpropeities, configuratien, Iganiyfaetoting meathod,yard the like
of the easily dyeable meta-type wholly aromatic polyamide fiber of the invention below. [0015]

wholly aromatic polyamide fiber having a residual solvent

content of 0.1 mass% or 1less in the formof the fiber, and having

a gtrength retention ratic of 65 % or more in the form of the

dyed fiber after 150-hour immersgsion in a 50°C 20 mass% aqueous

sulfuric acid solution.

ADVANTAGE OF THE INVENTION
[0013]

An eagily 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, the industrial
value in the fields reguiring 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 INVENTTION

(00141

<Eagily dyeable meta-type wholly aromatic polyamide fibers
An easily dyeable meta-type wholly aromatic polyamide

fiber of the present invention has the following specific



[Physical properties of easily dyeable meta-type wholly aromatic polyamide fiber] [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 essentiallyO .1 mass%or less, andmorepreferably 0.08 mass% or less. [0016] When the solvent
is left in the fiber in an amount of more than 0.1 mass% based on the mass of the fiber, during

processing gihyse vaderghigh-femperaturg atinasphase asdighias meee than 200 otheresidual

solvent vaporizes, resulting in inferior environmental safety. Further, the molecular structure is broken,
which undegjraply resulis-sratemmarkable fieduntion of dhe stengthciP@2 Thg me tmthe, invedtion, in
order to set the residual solvent content of the fiber at 0.1 mass% or less, during the manufacturing
step of the fies, thekeompbdneits oe thei dondiipnsiol ¢thercoagutation batir are/adjusied sbas to
achieve a coagulated form not having a skin core, and plasticization drawing is carried out at a specific
ratio. [0018]po 1y antidentakyyethre Sresidiral solventcorme=nfale fiber" in the invention denotes the

value obtained in the following manner.
[00L15]

[Physical properties of easily dyeable meta-type wholly
aromatic polyamide fiber]
[Regidual solwvent 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 fiberx.
However, for the meta-type wholly arcomatic polyvamide fiberxr of
the invention, the amount of the sclvent left in the fiber is
0.1 mass% or less based on the mass of the fiber. The amount
isesgentially 0.1 mass% or legs, and more preferably 0.08 mass%
or less.

[0016]

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

reduction of the strength.



(Measuring method of residual solvent content) About 8.0 g of a fiber is collected, and is dried at
105C for 120 minutes. Then, it is allowed to cool in a desiccator to weigh the fiber mass (M1) .
Subsequently, for the fiber, ref lux 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 carried out. The fiber which
has completely undergone extraction is taken out, and is vacuum dried at 150C for 60 minutes. Then,
the fiber is allowed to cool in the desiccator to weigh the fiber mass (P42) . The amount of the solvent
(amide solvent mass) N(%) remaining in the fiber is calculated using the obtained M1 and M2 from the
following equation; N (%) = [(M1-M2)/M1] x 100 [0019] [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 fiberafteird SOrkeu dmmsrsion nalb@Ct20 massthaquestsisulfurieacidisolution is
65 % or more. The strength retention ratio is essentially 65 % or more, preferably 70 % or more, and
further preferabnly 5t% oifmarke[0G20]er dhe strangtieretention ralie of the dlyedfibertsesves as an
indicator of the acid resistance. When the strength retention ratio is less than 65 %, the acid resistance
when the fibepisdsetcas cloth issipspfficiént, Urdedirdbiy resuitieg inamedustioreof the salfety. [0021]

conditions of the coagulation bath are adjusted so as to achieve
a coaguiated form not having a skin core, and plasticization
drawing is carried out at a specific ratio.

foois]

Incidentally, the *residual solvent content o¢f the
fiber" in the invention denctes the value obtained in the
fellowing manner.

{(Measuring method of residual solvent content)

About 8.0 g of a fiber ig collected, and is dried at 105°C
for 120 minutes. Then, it ig allowed to cool in a desgiccator
to weigh the fiber mass (M1l). Subseqguently, for the fiber,
reflux extraction ig carrvied out in methanol for 1.5 hours by
using a Soxhlet extractor. Thus, extraction of the amide
sclvent contained in the fiber is carried out. The fiber which
has completely undergene extraction is taken out, and is vacuum
dried at 150°C for 60 minutes. Then, the fiber is allowed to
cool in the degiccator to weigh the fiber mags (M2} . The amnount
of the sclvent (amide golvent masgs) N(%) remaining in the fiber
ig calculated using the obtained M1 and M2 from the following
eguation.

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



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 skin core, and the washing step is completed, and
then, a dry heat treatment is carried out at a specific temperature. [0022] Incidentally, the "strength
retention ratio" in the invention denotes the value obtainable in the following manner. (Method for
determining the strength retention ratio (acid resistance test)) Into a separable flask, a 20 mass%
aqueous sulfuric acid solution is charged, and 51 mm of a dyed fiber which has been dyed is
immersed theseing ubsequently, the separable flask is immersed in a thermobath, and is held at a
temperature of 50C. The dyed fiber is immersed therein for 150 hours. For the fiber before and after
dyeing, the measaremént:of tlhetensile strengthd$s carried ddtiiexetermine the strength retention ratio
of the fiber after immersion. [0023] Incidentally, the "tensile strength” in the invention denotes the
value obtained from&he mé&dasurearmnt Lpded e follewing: tenditiprs using imydekssSa&manufactured

by INSTRON Co., according to JIS L 1015. (Measurement conditions) Grip distance: 20 mm
polyamide fiber of the invention, the gtrength retention ratio

of the dyed fiber after 150-hour immersion in a 50°C 2C mass$
aqueous sulfuric acid sclution 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 1s used as c¢loth is insufficient, undesirably
resulting in a reductiocn of the gafety.
jooz1}

In the invention, in oxrder to set the strength retention
ratic 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 adijusted so as to achieve a coagulated
form not having a skin core, and the washing step is completed,
and then, a dry heat treatment ig carried out at a gpecific
Cemperature.

[0022]
Incidentally, the "strength retention ratio" in the

invention denotes the value obtainable in the following manner.



Initial load: 0.044 cN (1/20 g) / dtex Tensile rate: 20 mm/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 owf of a cationic dye (trade name:
Kayacryl Blue GSL-ED (B-54) manufacturedbyNIPPON 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 dyeing treatment at 120C is carried out with a bath ratio of a fiber and the

dyeing solutign:6f:40 rAfterdbe dyangitreptmeat, disingh a reatraentysolWion.conaining2.9 g/L
hydrosulphite, 2.0 g/L AMIRADINE D (trade name AMIRADINE D manufactured by DAI-ICHI KOGYO
SEIYAKU Cexglitdaand 1:@gh)sodium hydroxide, in ratios, 20-minute reduction washing at 80C is
carried out at a bath ratio of 1 : 20. After washing with water, drying is carried out, resulting in a dyed
fiber. [0025] [TensileLstrengtls apd etdngaticreatdhreak of fibed 5 aglike tensilel strenigtheafithe fiber
(fiber before dyeing) of the easily dyeable meta-type wholly aromatic polyamide fiber of the invention is
preferably 28eNidiexor tnorea ds flrtiarpreferablypZ. AcNidex b psorevhiadin lpastiiarpreferably
3.0 cN/dtex or more. When the tensile strength is less than 2.5 cN/dtex, the fiber is broken during the
post-procesSHgStés stithasSihfiRG T id undeshasITEe passaliity is detcridrated Lask

is immersed in a thermobath, and is held at a temperature of
50°C. The dyed fiber is immersed therein for 150 hours. For
the fiber before and after dyeing, the measurement of the
tensile strength 1s carried out to determine the strength
retention ratioc of the fiber after immersion.

[o0z3]

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 coN {(i/20 g} / dtex

Tenglile rate: 20 mm/min

Whereas, the "dyeing" in the invention means dyeing by
the following dyeing method unless ctherwise specified.
[00z24]

(Dyeing method)
There is prepared a dyeing solution containing 6 % owf

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



[0026] Whereas, the elongation at break of the fiber (fiber 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 JIS L 1015. [0028] In the invention, the "tensile strength" of the easily
dyeable metratyp€ anhally afamatic petyamiderfinerean he-eontrobed; hyrmaking: prapear-the draw ratio
in the plasticization drawing bath drawing step and the heat treatment temperature in the dry heat
treatment step m/thesmanufactiring recthiod désdriked fater] tobrderste set shetensilesstrength at 2.5
cN/dtex or more, it is essential only that the draw ratio is set at 3.5 to 5.0 times, and further, the dry
heat temperatute 9s- Setithirtheiragge ok 260 to 330Ce[002d) radm thedmventioh AR "Elbngation at
break" of the easily dyeable meta-type wholly aromatic polyamide fiber can be controlled by making
[Noperﬂnad@@@&%ﬁ@ﬁ%@@ﬂc@ﬁdﬂﬁﬁﬁEI CHEMICAL WORKS, Ltd.) as a dispersant.

Subseqguently, a 60-minute dyeing treatment at 120°C is carried

out with a kath ratio of a fiber and the dyeing soclution of
1:40. After the dyeing treatment, using a treatment sclution
containing 2.0 g/L hydrosulphite, 2.0 g/L AMIRADINE D (trade
name AMIRADINE D manufactured by DAI-ICHI KOGYQ SEIYAKU CO.,
Ltd.), and 1.0 g/L sodium hydroxide, in ratios, 20-minute
reduction washing at 80°C is carried out at a bath ratio of
1 : 20. After washing with water, drying is carried out,
resulting in a dyed fiber.

[0025]

[Tensile strength and elongation at break of fiber]

The tensile strength of the fiber (fiber before dyeing)
of the easily dyeablemeta-type whollyaromatic polyamide fiber
of the invention is preferably 2.5 c¢N/dtex or more. It is
further preferably 2.7 coN/dtex or more, and in particular
preferably 3.0 ¢N/dtex or more. 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.

[o026]

Whereas, the elongation at break of the fiber (fiber

10



in the coagulation step in the manufacturing method described later. In order to achieve 30 % or more,
it is essential only that the coagulation solution is an aqueous solution with an NMP concentration of
45 to 60 mass%, and the temperature of the bath solution is set at 10 to 35C. [0030] [Percentage dye
exhaustion of dyed fiber] As for the easily dyeable meta-type wholly aromatic polyamide fiber of
the invention, the percentage dye exhaustion of the dyed fiber dyed by the foregoing dyeing method is
preferably 90 % 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 has a percentage dye exhaustion of less

than 90 %, ibismotdreferable)intermsof the agstheticiprepgsty Jeqyirad im the field-efhclethes. Thus,
the dyed fiber cannot be dyed in a desirable hue. [0031] Incidentally, the "percentage dye
exhaustion"g> thesinvertion derotes thealuerebtainable én the-fodewiigymanner o(fPereentage dye
exhaustion) To the dye residual solution which has dyed the fiber, dichloromethane in the same
volume as thiat of thefdyetiesiduaksdiaticrbis;added to extractthe, residdal tye pSulrsequieaty, the
extraction solution is measured for the absorbances at wavelengths of 670 rim, 540nm, and 530 nm,
respectivelyPFrore ik lcalibbationcunoes at the#neblwavélengthisipravioushy forinad frops a
dichloromethane solution with a known dye concentration, the dye concentrations of the extraction
solution are ¥8speétivély BERIPTiIAEACTHE Rieahvane 6RhEeshcartrEidDAS Bithe thileeWalvelengths
is referred to as the dye concentration (C) of the extraction solution. The value obtainable using the

dye concenfr&tictPoerore dydifig teoF fornfthe folsvify Eutati6h is referred to as the percentage dye
exhaustion (H)O2 71

Incidentally, the "tensile strength" and "elongation at
break" herein used denotes the values obtained from the
measurement undexr the measurement conditions of the "tengile
strength" according to JIS L, 1015.

[0028]

In the invention, the "tensile strength" of the easily
dyeable meta-type wholly aromatic polyvamide fiber can be
contrelled by making proper the draw ratio 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 get the tensile strencth
at 2.5 cN/dtex or more, it ig essential only that the draw ratio
issetat 3.5t0 5.0 times, and further, the dry heat temperature
is gset within the range of 260 to 330°C.

[0029]

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



Percentage dye exhaustion (Ti) = [(Co-C)/Co] x 100 [0032] In the invention, the percentage dye
exhaustion of the dyed fiber of the easily dyeable meta-type wholly aromatic polyamide fiber can be
controlled 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 is carried out at a specific temperature. In order to set the
percentage dye exhaustion of the dyed fiber at 90 or more, it is essential only to implement the
following: thercaagulatiersaldtianis anagueoussolutian fdthran- NP eeneedtratier efi 42 4o 60
mass%; the temperature of the bath solution is 10 to 35C; and the dry heat treatment temperature is
within the rahgeaf 2600 330GE whichas theglassdransitiondemperatire Exp of theafibernarhigher.
[0033] [Configuration of meta-type wholly aromatic polyamide] The meta-type wholly aromatic
polyamide féringihg the easiydyedble metaitypé wholly aronsaticepolyamidefiterofihée nvention
includes a meta-type aromatic diamine component and a meta-type aromatic dicarboxylic acid
component. )XtHef eBF6InEREaSIE cOmPcnehts 8lcias para-dype 6hes Fadsceopbiymefized
therewith within such a range as not to impair the object of the invention. [0034] In particular
preferably ué& oRasth #rlindstibnisresnétaatype Wholly Brofhatic polyamides containing a
metaphenylene isoPhthaIamide unit as a main component from the viewpoints of the dynamic
characteristic§ and’the heat resistance. The meta-type wholly aromatic polyamide including a
metaphenyl %%lsl(%g}t:hgl%ml e unit |Hcludes the mgt%{%eé1y£eirl§el§ phthalamide unit in an amount of

I AUsST

preferably 90'mo re, URhET pre‘flera%filngé) mol% or moré, and in particular preferably 100
mol% based on the jotal arouny of the IePEAURIUNIS, eta-type wholly aromatic

polyamide fiber of the invention, the percentage dye exhaustion
of the dyed fiber dyed by the foregeoing dyeing method is

Q

preferably 90 % or more. The percentage dye exhaustion of the
dyed fiber is preferably 20 % or 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 the aesthetic property required in the field of clothes.
Thusg, the dyed fiber cannot be dyed in & desirable hue.
{00311

Incidentally, the "percentage dye exhaustion" in the
invention denotes the value obtainable in the following manner.
(Percentage dye exhaustion)

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

the extracticn sclution is measured for the absorbances at

wavelengths of 670 nm, 540 nm, and 5320 nm, resgpectively. From

12



[0035] [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 metaphenylere diasnine in-ag anaunt o0& 85 mel% ermmeiesprefesaliy 90 imel%a or more,
and in particular preferably 95 % or more are preferred. [0036] (Meta-type aromatic carboxylic acid
component)t ormAgd thérmata-dypé arbrivaticicarboxylic adid tomporentservingraswthe thwe material
for the meta-type wholly aromatic polyamide, for example, mention may be made of meta-type
aromatic dicaPbe/it aeid alides: s thy metactypridrbpiatieticabxylitaci@ hakdes mention may
be made of isophthalic acid halides such as isophthalic acid chloride and isophthalic acid bromide, and
derivatives ﬁé&fﬁ& éaﬁsﬁtﬁ@nﬁeﬁ%%ﬁglé@’ei‘%éﬁdf BKORS grodPs naSHY 1id- 3earbork Afoms at

these aromatic rings, for example, 3- chlor0|sophthallc acid chloride. Out of these, isophthalic acid
Cmondenséﬁoapentratlons at t hree wavelengths is referred to as the

dyve concentration (C) of the extraction solution. The value
obtainable using the dye concentration before dyeing {(Co) from
the following equation is referred to as the percentages dye
exhaustion (U).

Percentage dye exhaustion (U) = [(Co-C)}/Col x 100
[0032]

In the invention, the percentage dye exhaustion of the
dved fiber of the easily dyeable meta-type wholly aromatic
polyamide fiber can be controlled 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 ccagulation bath is adjusted so
as to achieve the ccoagulated form not having a skin core. 1In
addition, in the dry heat treatment step, a dry heat treatment
ig carried out at a specific temperature. In crder to set the
percentage dye exhaustion of the dyed fiber at %0 % or more,
it 1s essential only to implement the following: the
coagulation solution is an agueocus solution with an NMP

concentration of 45 to 60 mass%; the temperature of the bath

golution ig 10 to 35°C; and the dry heat treatment temperature
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a mixed carboxylic acid halide containing isophthalic acid chloride in an amount of 85 mol% or more,
preferably 90 mol% or more, and in particular preferably 95 % or more are preferred. [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 fiber> The easily dyeable

meta-type whollyiaomatic polyagide kbes ofthesinyentigniisinanufactyresdy usingLnetastype wholly
aromatic polyamide obtained by the foregoing manufacturing method through, for example, a spinning

solution preparation step;a spinning f coagulétibr ste; aiplagtetzation drawing bath drawing step, a
washing step, a relaxation treatment step, and a heat treatment step, described below. [0039]
[Spinning soldticiBpreparation step]

[Configuration of meta-type wholly aromatic polyamide]

The meta-type wholly aromatic polyamide forming the
easlily dyeable meta-type wholly aromatic polyamide fiber of
the invention includes a meta-type arcomatic diamine component
and a meta-type aromatic dicarboxylic acid component. Other
copolymerizable components such as para-type ones may be
copelymerized therewith within such a range as not to impair
the cbject of the invention.

[0034]

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

[0C35]

[Raw material of meta-type wholly aromatic poliyamidel

(Meta-type aromatic diamine component)
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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 polyamide polymer solution).
For preparation of the spinning solution, in general, an amide solvent is used. As the amide solvents to
be used, mention may be made of N-methyl-2-pyrrolidone (NMP), dimethylformamide (DMF),
dimethylacetamide (DMACc), and the like. Out of these, NMP or 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 issthe=next sigpanddhe solubilityef the polymaeie ok examplexgvhen the
polymer is polymetaphenylene isophthalamide, and the solvent is NMP, in general, the concentration
is set preferably withim#israngeofi0 10130 mass%. {peddhiSpinnmgotreoagulatidrystepdie ,  In the
spinning/ coagulation step, the spinning solution (meta-type wholly aromatic polyamide polymer
solution) obtednmddiabove iBapun obein a coadtilation Solutivs tandisrcobgutated. foe4R]ne ,

3,4'-diaminodiphenyl ether, 3,4'-dilaminodiphenylsulfone, and
the 1ike, 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-toluylenedlamine, 2,4-diaminochlorobenzene, and
2,6-dlaminochlorcbenzene. out of these, metaphenylene

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

[co3e6]

(Meta-type aromatic carboxylic acid component)

Ag the meta-type aromatic dicarboxylic acid component
serving as the raw material for the meta-type wholly arcmatic
polyamide, for example, mention may be made of meta-type
aromatic dicarboxylic acidhalides. As the meta-type aromatic
dicarboxylic acid halides, mention may be made of isophthalic
acid halides such as 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-chloroisophthaiic acid

chloride. Out of these, iscphthalic acid chloride itself, or
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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 range of 10 to 90C. [0044]

As the coagullatibrdaath: ia-bewged foraehiainingl thedibes ot thennventionsan@guends solidion not
containing an inorganic salt, and having an NMP concentration of 45 to 60 mass% is used at a bath
solution tempetatuialwithin the rngersf 1EtB3I5C0AR NIVIRrcorcentratidn oiless thandd hass%
results in a thick skin structure, which reduces the washing efficiency in the washing step. This results
in a difficultyin settirey, théresidual sehent codtent gitisd fibedan0.19massYear |8ss: JVhek&as, when
the NMP concentration exceeds 60 mass% , uniform coagulation cannot be carried out to the fiber
inside. ThisP&&fisaredifficulty in setting the residual solvent content of the fiber at 0.1 mass% or
less, and further results in an insufficient acid resistance. Incidentally, the immersion time of the fiber in
the coagulatiGif Hath is properly within the range of 0.1 to 30 seconds. [0045] In the invention, by

tting th t th diti th lation b d ibed above, it ible t
vocuce the (HARLLE F 0 <4 ToAGA dt R HBer Stadi A aEAEVE & drbetur U R trough

e o ide. A< AFEAL S SEEEII I M et sty ansin s g ce, e
pelyamide has no particular restriction. For example,
manufacturing can be carried out by solution polymerization,
interface polymerization, or the like wusing a meta-type
aromatic diamine component and a meta-type aromatic
dicarboxylic acid chloride component as raw matexrials.
[0038]

«Manufacturing method of meta-type wholly aromatic polyamide
fibers

The eagily dyeable meta-type wholly aromatic polyamide
fiber of the invention ig manufactured by using meta-type
wholly arcomatic 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]
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[Plasticization drawing bath drawing step] In the plasticization drawing bath drawing step, while
the fiber obtained from coagulation in the coagulation bath is in a plasticized state, the fiber is
subjected 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.
[00481 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 bawh, K4S passiblede promete dasebption fram the-eoagidaied yaps As a
result, the residual solvent content of the fiber can be set at 0.1 mass% or less. [0049] When the
plasticized drawlratioan dhe plasticizajian déawing Bathsis lessithan 315 imedgdesalvationifrom the
coagulatedyarnbecomes insufficient. As a result, it becomes difficult to set the residual solvent content
of the fiber gt:@®:paass% ordedsiFurtherstheitensite sttergh-bagomesiimsufficienty resuiting in a
difficulty in handling in processing steps such as a spinning step. On the other hand, when the draw
ratio exceeds 3.paiicle SRglEnarnsstedikddgaroccurSCEorkamEardSuctcn SiabHBARHESTiorated.
[0050] The temperature of the plasticization drawing bath is preferably within the range of 10 to

90C. When ' t€hipgtatire ig‘?}iﬂ‘éﬁé?ébly%ﬁtﬁﬁjﬂ@éf réfge 871016 96t dhe stép CoRdMIBHIS good.

golvents Lo be used, mention may be made of
N-methyl-2-pyrrolidone (NMP) , dimethyl formamide (DMF) ,
dimethylacetamide (DMAc), and the like. Out of these, NMP or
DMAcC are preferably used from the viewpoints of the solubility
and the handling safety.

[0Cc40]

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

[0041]
[Spinning / coagulation step]

In the spinning / coagulation step, the gpinning solution
(meta-type wholly aromatic polyamide polymer solution)
cbhtained above is gpun out in a coagulation solution, and is
coagulated.

[0042]
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[0051] [Washing step] In the washing step, the fiber drawn in the plasticization drawing bath is
sufficiently washed. Washing affects the aspect of the quality of the resulting fiber, and hence is
preferably carried out in multi - steps . Particularly, 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 in multi-steps, and the temperature conditions and the concentration conditions of the
amide solvent are contolledi[9052¢ deThedermpearature qeaditions aand theeeandentration conditions
of the amide solvent have no particular restriction so long as they can satisfy the quality of the finally
obtainable fibervidowévers Whe ik thevfirstavashingrbatl idset aea tentperstirecas highra$60C or more,
penetration of water into the fiber occurs at a time. Accordingly, a huge void is formed in the fiber,
which entailslteteiforaten o thecgualRgiuRerhistreassivsthe fipstwashing batteisreferably set at a
temperature as low as 30C or less. [0053] When a solvent is left in the fiber, the environmental
safety in prétedsify BRBRHUQS FSHgHhe e aRd use'6T prodicts fdthied Géqﬁgtth% fiserSs

undesirable. For this reason, the amount of the solvent contained in the fipber of the invention is 0.1

mass% or |SSERACTarHE? STBfErRER D08 TS Uor feER. 5O Long as 1t can perform

wet spinning with stability. For example, there may be used
amulti-hole spinneret for spun rayon with of 500 £to 30000 holes
and a spinning hole diameter of 0.05 to 0.2 mm.

[0043]

Whereag, 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 range of 10 to 90°C.

[0044]

As the coagulation bath to be used for obtaining the fiber
of the invention, an aqueous solution not contalining an
inorganic salt, and having an NMP concentration of 45 o 60
mass% is uged at a bath solution 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 less. Whereas, when the NMP concentration exceeds
60 mass%, uniformcoagulation cannot be carried out to the fiber

inside. This results in a difficulty in setting the residual
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[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.
By completing the dry heat treatment, the easily dyeable meta-type wholly aromatic polyamide fiber of
the invention can be finally obtained. [0055] In order to obtain the fiber of the invention, the heat
treatment temperature in the dry heat treatment step is required to be set within the range of 260 to
330C, and further preferably to be set within the range of 270 to 310C. When the heat treatment
temperaturesis less:tharo26@C ccrystallizatiam ot the: fiben besemesinsuffiicient Accordinglyrthe
objective acid resistance becomes insufficient. On the other hand, in the case of more than 330C, the
crystallizatioresfthe diber aocims tobfrathnaceoidinghs the dyeabilitylis ddrgelytredlged: Farther,
setting of the dry heat treatment temperature within the range of 260 to 330C contributes to the
improvemenitafelis terisilelstreadtit bethd Pesulting-filse £ Bampiss [0056]th 1 BElbap aielpresent
invention will be more specifically described by way of Examples and the like, which should not be

construed a¥¥irdiiy fHeCscope™sT thé irfvehtibR, 30 seconds.

[0045]

In the invention, by setting the compconents or the
conditions of the coagulation bath ag described above, it isg
possible to reduce the thicknesg of the skin formed on the fiber
surface, and achieve a structure uniform through the fiber
ingide. As a result, it is possible to more improve the
dyeability and the acid registance, and further to improve the
elongation at break of the resulting fiberxr.

[004¢6]
[Plagticization drawing bath drawing step]

In the plasticization drawing bath drawing step, while
the fiber obtained from coagulation in the coagulation bath
is in a plasticized state, the fiber is subjected to a drawing
treatment in a plasticization drawing bath.
i0047]

The plasticization drawing bath solution has no
particular resgtriction. Conventionally known bath solution
can be adopted.
f0048]

In order to obtain the fiber of the invention, the draw

ratio in the plasticization drawing bath is required to be set
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[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

within the range of 3.5 toc 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, 1t is
possible to promote descolvation from the coagulated varn. As
a regult, the resgsidual 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 legs than 3.5 times, degolvation from the
coagulated yarn becomes insufficient. As a result, it becomes
difficult to set the regsidual solvent content of the fiber at
0.1 mass% or less. Hurther, 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 varn breakage
occurs, so that the production stability is deteriorated.
[C050]

The temperature of the plasticization drawing bath is
preferablywithin the range of 10 to 90°C. When the temperature
is preferably within the range of 10 to 20°C, the step condition
ig good.

[0051)]
[Washing stepl

In the washing gtep, the fiber drawn in the
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Initial load: 0.044 cN (1/20 g) / dtex Tensile rate: 20 mm/min [0060] [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 670nm, 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
concentratiqrrafdhe extraation selitignb#he vadue obtainabie udngthehdyd. coneeritration before
dyeing (Co) from the following equation is referred to as the percentage dye exhaustion (U).
Percentage alfyésaxhaustiona&p) e{(CofCy/To] xuk00. [0081] [Strenytheretdntin Fatios(acid:redistance
test)] Into a separable flask, a 20 mass,6 aqueous sulfuric acid solution is charged, and 51 mm of
a dyed fiber'V@niel Aastbeehedyadliy innnersed thereim Subséquertiysthe Baparhplelfiaskvs immersed

in a thermobath, and is held at a temperature of .
the temperature of the washing bath in the washing step and

the concentration of the amide golvent 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. TFor this reason, also in terms of the aim of
rendering these in the optimum states, preferably, the washing
step is in multi-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
soc long as they can satisfy the quality of the finally
obtainabkle fiber. However, when the first washing bath is set
at a temperature ag high as 60°C or more, penetration of water
into the fiber occurs at a time. Accordingly, a huge void is
formed in the fiber, which entails deterioration of the quality.
For this reason, the first washing bath is preferably set at
a temperature as low as 30°C or less.

[0C53]

When a sclvent 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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50C. The dyed fiber is immersed therein for 150 hours. For the fiber before and after dyeing, the
measurement of the tensile strength is carried out by the measuring method to determine the strength
retention ratio of the fiber after immersion. [0062] [Residual solvent content of 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 to cool in a desiccator to weigh the fiber mass (M1). Subsequently, for the fiber, reflux
extraction was carried out in methanol for 1.5 hours by using a Soxhlet extractor. Thus, extraction of
the amide solvent contained in the fiber was carried out. The fiber which has completely undergone

extraction was saken, outhandnasvacuin Heed at $50€ forh@ minutes: ihenctheifther was allowed
to cool in the desiccator to weigh the fiber mass (M2). The amount of the solvent (amide solvent mass)
N(%) remaining insthe fibéowasscalculated aising thesabtainet] M- ahe M2 frofe thefolawing equation.
N (%) = [(M1-M2)/M1] x 100 [0063] <Example 1> [Spinning solution preparation step] A
polymetaph&@derie isophthsdamide powder with an

[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. By completing the
dry heat treatment, the easily dyeable meta-type wholly
aromatic polvamide fiber of the invention can be finally
obtained.

[0C55]

In order to obtain the fiber of the invention, the heat
treatment temperature in the dry heat treatment step is
required to be gset within the range of 260 to 330°C, and further
preferably to be set within the range of 270 to 310°C. When

the heat treatment temperature 1is less than 260°C,

crystallization  of the fiber becomes insufficient.
Accordingly, the objective acid <resistance  becomes

ingsufficient. On the other hand, in the case of more than 330°C,
the crystallization of the fiber occurs too much. Accordingly,

the dyeability is largely reduced. Further, setting of the

dry heat treatment temperature within the range of 260 to 330°C
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intrinsic viscosity (1. 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 0.07 mm and with 500 holes into a coagulation bath at a
bath temperature of 30C for spinning. The coagulation solution had a composition of water / NMP = 45
/ 55 (parts byanass)haneswvas disehargeddntentbe coaf)ulatiorn bathidtea yamespead of 7cmémin for
spinning. [0065] [Plasticization drawing bath drawing step] Subsequently, drawing was carried out
at a draw ratie ©f Bi7 time$ ilmthe. plasticization drawing bath of a composition of water at a
temperature of 40C / NMP = 45/ 55. [0066] [Washing step]
Examples
[0056]
Below, the present invention will be more gpecifically
described by way of Examples and the like, which should not
be construed as limiting the scope of the invention.
[0057]
<Measuring method>
Regpective physical property values in Examples and
Comparative Exampleg were measured in the following manner.
[0C58]
[Fineness]
Measurements in accordance with the method A of the
fineness based on corrected mass were carried out according
toJIS L 1015, and thevalue is expressed in terms of the apparent
fineness.
[0059]
[Tengile strength, elongation at break]
Measurements were carried out by means of model 5565
manufactured by INSTRON Co., accerding to JIS I, 1015, under
the following conditions:

(Meagurement conditions)

Grip distance: 20 mm
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After drawing, washing was carried out in a bath (immersion length 1.8 m) of 20C water / NMP =70/
30, and 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 showetifavarable dyamic chatactaristics2 The physigakproperties of the resulting fiber
are shown in Table 1. [0069] [Dyeing step]

Tensile rate: 20 mm/min
foos0]

[Percentage dye exhaustion]

To the dye residual solution which has dyed the fiber,
dichloromethane in the gsame volume ag that of the dye residual
golution is added to extract the residual dye. Subseguently,
the extraction solution is measured for the absorbancesg at
wavelengths of 670 nm, 540 nm, and 530 nm, respectively. From
the calibration curves at the three wavelengths previously
formed from a dichlorcmethane sclution with a known dye
concentration, the dye concentraticng of the extraction
sclution are respectively determined. The mean value of the
concentrations at the three wavelengths is referred to as the
dyve concentration (C} of the extraction solution. The value
obtainable using the dye concentration before dveing (Co) from
the following equation l1g referred to as the percentage dye
exhaustion (U) .

Percentage dye exhaustion (U) = [{Co-C)/Col x 100
{ooe61]

[Strength retention ratico (acid resistance test)]

Into a separable flask, a 20 mass% agueocus sulfuric acid

solution is charged, and 51 mm of a dyed fiber which has been

dyed is immersed therein. Subsequently, the separable flask

ig immerged in a thermobath, and ig held at a temperature of
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There was prepared a dyeing solution containing 6 96- owf of a cationic dye (trade name: Kayacryl
Blue GSL-ED (B-54) manufactured by NIPPON KAYAKIJ 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 L manufactured by MEISEI CHEMICAL WORKS, Ltd. ) as a dispersant. A sample fiber
in a tow state was subjected to a dyeing treatment at 120C for 60 minutes with a bath ratio of the fiber
and the dyeing solution of 1:40. After the dyeing treatment, using a treatment solution containing 2.0
g/L hydrosulphite, 2.0 g/L AMTRADINE D (trade name AMIRADINE D manufactured by DAI-TCHI
KOGYO SEPAKU Cie Lad:h it bdrgA ssadinenhiysioxide riniratios20sninwe reductiomwashing at
80C was carried out at a bath ratio of 1 : 20. After washing with water, drying was carried out, resulting
in a dyed fibere[0070E[Physicalproperies 6f dyedfiteirand thédikelea s Thenpertemdge:dye
exhaustion of the dyed fiber was 92.4 %, and favorable dyeability was shown. Further, the tensile
strength of thertybddiber Wes2:8 cNdter raridethee fisifeystidiytMef fierdyed fitkdy zd@ér Earrying out
the acid resistance test was 1.9 cN/dtex, and the strength retention ratio was 66 %. Thus, favorable

acid resistafiée 7a8 ShBwh TThes prEIGAI préperiied dfihe Fesdiind fiberaie ShERA ifTaBE 1. [0071]
<Example 2> [Spinnjng solution preparation step] Into a reaction container equipped with a stirring
device and a'T8vmiaféral charging port, 854.8 parts of N-methyl-2-pyrrolidone (which will be
hereinafter a{e%%rgg ted as NMP) was charged. Into the NMP, 83.4 parts ofmetaphenylene diamine
(which will be"hereinafter abbreviated as MPDA) was

[Résidual solvent content of fiber]

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

N {%y = [(M1-M2)/Mi} x 100
[0063]
<Example 1>
[Spinning solution preparation stepl

A polymetaphenylene isophthalamide powder with an
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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 reaction was terminated.The polymerization solution was taken out from the reaction
container. As a result, the polymerization solution was transparent, and the polymer concentration was
16 -%. [0072] [Spinning / coagulation step, plasticization drawing bath drawing step, washing step,
water vapor relaxation heat treatment step, dry heat treatment step] A polymetaphenylene
isophthalamide fibeswas ehitaimediin the Sameimannerfasiin Exampleul saxceptthatithe r@sulting
polymerization solution was used as a spinning stock solution, the draw ratio in the plasticization
drawing bathrwas §ercat 3Bathes arrbtheSurfasetienthe aagerif ihe drihedtireatiiinitetep was set
at 310C. [0073] [Physical properties of fiber] The resulting fiber had physical properties of a
fineness of 4eE kg femsile’ BrEndth of 832 eNVa@ s aRRGaRicTab Brédlogras 386 28nd a residual

solvent content of 0.10 mass% . )
parts by mass into 80.0 parts by mass of N-methyl-Z-pyrrolidone

(NMP)} cooled to -10°C, to be in a slurry form. Subsequently,
the suspension was heated to 60°C for dissolution, resulting
in a transparent polymer solution A.

[0064]

[Spinning / ccagulation stepl

The polymer solution A was discharged as a spinning stock
golution through a gpinneret with a hole diameter of 0.07 mm
and with 500 holes intc a coagulation bath at a bath temperature
of 30°C for spinning. The coagulation solution had a
composition of water / NMP = 45 / 55 {parts by mass), and was
discharged into the coagulation bath at a yarn speed of 7 m/min
for spinning.

[0065]
[Plasticization drawing bath drawing step]

Subsegquently, drawing wag carried out at a draw ratio
0f 3.7 times in theplasticization drawingbath of a composition
of water at a temperature of 40°C / NMP = 45/ 55.

[0066]
{(Washing step]
After drawing, washing was carried out in a bkath

{immersgion length 1.8 m) of 20°C water / NMP = 70 / 30, and
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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 %, 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 fiber are shown in Table 1. [0076] <Example 3> [Manufacturing of fiber]

subgequently, in a 20°C water bath (immersion length 3.6 m) .
Further, washing was sufficiently carried out through a 60°C
warm water bath {(immersion length 5.4 mm}.

{00671

[Dry heat treatment step]

The fiber after washing wag subjected to a dry heat
treatment by means of a heat roller with a surface temperature
of 280°C, regulting inameta-type whollyaromaticaramid fiber.
[0068]

[Phygical properties of fiber]

The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensile strength of 2.8 ¢N/dtex, an elongation
at breakof 51.0 %, and a residual solvent content of 0.08 mass%,
and showed favorable dynamic characteristics. The physical
properties of the regulting fiber are shown in Table 1.
0069]

[Dyeing step]

There was prepared a dyeing solution containing 6 % 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/ sodium nitrate, 70 g/L benzyl alcohol as a carrier agent,
and 0.5 g/L dyeing auxiliary agent (trade name: DISPER L
manufactured by MEISET CHEMICAL WORKS, Ltd.) as a dispersant.

Asample 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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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 280C. [0077] [Physical properties of fiber] 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 0f36.1 %, anda residual solvent content of 0.06mass%. 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]
dyeing 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-ICEI
KOGYQO SEIYAKU CO., Ltd.), and 1.0 g/L sodium hydroxide, in
ratios, 20-minute reduction washing at 80°C was carried out
at a bath ratio cf 1 : 20. After washing with water, drying
was carried out, resulting in a dyed fiber.

[0070]

[Physical properties of dyed fiber and the like]

The percentage dye exhaustion of the dyed fiberwag 92.4 %,
and favorable dyeability was shown. Further, the tensile
strength of the dyved fiber was 2.9 cN/dtex, and the tensile
strength of the dyed fiber after carrying out the acid
reslstance test was 1.9 cN/dtex, and the strength retention
ratio was 66 %. Thus, favorable acid resistance was shown.
The physical properties of the regulting fiber are shown in
Table 1.

[C071]

<Example 2>

[Spinning solution preparation step]
Intoareaction container equipped witha gstirring device

and a raw material charging port, 854.8 parts of

N-methyl-2-pyrrolideone (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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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 %. 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 solution composition was set at water /
NMP =55/ 45 in the spinning / coagulation step. [0081] [Physical properties of fiber] The
resulting fiberilsad phrygical prapertiésof, a finenessief 1sbdtexiatensilesirength of 87 cNfitex, an
elongation at break of 32.0 %, and a residual solvent content of 0.05 mass% . [0082] [Dyeing step]

isophthalic acid chloride {which will be hereinafter

abbreviated as IPC) was gradually added with stirring to effect

the reaction. BStirring was continued for 40 minutes from the

start of the reaction. Then, 57. 1parts of a calcium hydroxide

power was added. Further, stirring was performed for ancother

40 minutes. then, the reaction was terminated. The

polymerization solution was taken out from the reaction

container. As a result, the polymerization solution was

Lransgparent, and the polymer cconcentration was 16 %.

i0072]

[Spinning / coagulation step, plasticization drawing bath

drawing step, washing step, water wvapor relaxation heat

treatment step, dry heat treatment step]

A polymetaphenylene isophthalamide fiber was obtained

in the same manner as in Example 1, except that the resulting

polymerization solution was used ag a spinning stock solution,

the draw ratio in the plasticization drawing bath was set at

3.5 timesg, and the surface temperature in the dry heat treatment

step was set at 310°C.

[0073]

[Physical properties of fiber]

The resulting fiber had physical properties of a fineness

of 1.7 dtex, a tensile strength of 3.2 ¢N/dtex, an elongation

at breakof 45.2 %, and a residual solvent content of 9.10 mass%.
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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 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 coa@ukatiohseiutioh compesiticrewas Set hbwaterd NNBg= 7014380 inthke spiomingih
coagulation step, the draw ratio in the plasticization drawing bath was set at 3.7 times, and the
surface tempekatérelin the dry heat treatment step was set at 280C.

[0074]
[Dyveing step]

The resulting fiber was subjected to a dyeing step in

the same manner asg in Example 1.
[0075]
[Physical properties of dyed fiber and the like]

The percentage dye exhaustion was 91.0 %, and favorable
dyeability was shown. Further, the tensgile strength of the
dyved 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 acld resistance was shown. The physical properties
of the resulting fiber are shown in Table 1.
i0076]
<Example 3
[Manufacturing of fiber]

A polymetaphenylene iscophthalamide fiber was cbtained
in the same manner asg in Example 2, except that the draw ratio
in the plasticization drawing bath wasg set at 4.5 times, and
the surface temperature in the dry heat Creatment step was set
at 280°C.

[0077]

[Physical properties of fiber]
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[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, the percefmtage dye exhaustiobavak 83.8199 sthuis indicating taheinsuffigigritrreaait.sThe
physical properties of the resulting fiber are shown in Table 1. [0088]
of 1.7 dtex, a tensile strength of 3.6 ¢cN/dtex, an elongation
at break of 36.1 %, and a regidual s¢lvent 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 ag in Example 1.
[0079]
[Physical properties of dyed fiber and the likel
The percentage dye exhaugtion wag 91.5 %, and favorable
dyeabllity was shown. Further, the tensile strength of the
dyved fiber was 3.5 ¢N/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 %. 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 ag in Example 3, except that the coagulation

gsolution compesition was set at water / NMP = 55 / 45 in the

spinning / coagulation step.
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<Comparative Example 2> 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 / coagulation 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 280C. [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 fiber are shown in Table 1. [0090] [Dyeing step]

The resultingdiber was subjected to a dyeing step in the same manner as in Example 1. [0091]

[Phyeical 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]

[Dyveing 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 likel

The percentage dye exhaustion was 90.4 %, and favorable
dyeability was shown. Further, the tensile strength of the
dyed fiber was 3.7 ¢N/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 regulting fiber are shown in Table 1.

[0084]
<Comparative Example 1>
[Manufacturing cof fiber]

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

spinning / coagulation step, the draw vratico in the
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[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 2.4 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 50 96, thus indicating a poor result in terms of the acid resistance. [0092]
<Comparative Example 3> [Manufacturing of fiber] 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, anddke suifaee tempetature irythissdry heattreatmeat step wasisetaif 280@. [0683]
[Physical properties of fiber] The resulting fiber had physical properties of a fineness of 1.7 dtex, a
tensile strerigth 22 eRifdtex sdnwwiontatiohatdrgakaf 553 96 Fund @ residualsolvert cohtent of
0.60 mass% . The physical properties of the resulting fiber are shown in Table 1.
280°C.
[0085]
fPhysical 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 regidual 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 resulis 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.

[cogs]

<Comparative Example 2>
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[0094] [Dyeing step] The resulting fiber was subjected to a dyeing step in the same manner as in
Example 1. [0095] [Physical properties of dyed fiber and the like] The percentage dye exhaustion
was 93.8 %, thus indicating favorable dyeability. However, the tensile strength of the dyed fiber was
2.2 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 55 %, thus indicating a poor result in terms of the acid
resistance. [0096] <Comparative Example 4>
A polymetaphenylene isophthalamide fiber was obtained
in the same manner as in Example 2, except that the cocagulation
solution composition was set at water / NMP = 30 / 70 in the
spinning / coagulation step, the draw ratio in the
plasticization drawing bath was set at 3.7 times, and the
gurface temperature in the dry heat treatment step wags 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 breakof 28.0 %, 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.
[C091]
[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 ¢N/dtex, and the tensgile 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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[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 stepdvasasetag 220 0[0098[Physicalproperties of filksrp T ke febultimgifiberad physical
properties of a fineness
[0092]
<Comparative Example 3>
IManufacturing of fiber]
A polymetaphenylene igsophthalamide fiber was obtained
by forming a spinning stock sclution 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 timeg, and the surface temperature in the dry heat treatment
step was set at 280°C.
[0093]
[Physical properties of fiber]
The resulting fiber had physical properties of a fineness
of 1.7 dtex, a tensgile strength of 2.2 cN/dtex, an elcocngation
at breakcocf 55.3 %, and a residual solvent content of 0.60 mass%.
The physical properties of the resulting fiber are shown in
Tabie 1.
[o094]
[Dyeing step]
The resulting fiber was subjected to a dyeing step in
the same manner as in Example 1.
[0095]
[Physical properties of dyed fiber and the like]

The percentage dye exhaustion was 93.8 %, thus indicating

favorable dyeability. Howevexr, the tensile strength of the
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of 1.7 dtex, a tensile strength of 2.6 cN/dtex, an elongation at break of 53.0 % , and a residual solvent
content of 0.08 mass% . The physical properties of the resulting fiber are shown in Table 1. [0099]
[Dyeing step] 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. [019d] fladter 1fras 2.2 cN/dtex, and the tensile strength of the

dyed fiber after carrying out the acid registance test wag 1.2

cN/dtex, and the strength retention ratio was 55 %, thus

indicating a poor result in terms of the acid resistance.

[0096]

<Comparative Example 4=

IManufacturing 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 280°C. However, the step condition

was bad, resulting ina difficulty in cellecting the fiber with

gtability fox a long time.

10097]

<Comparative Example 5>

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 3.7 times, and

the surface temperature in the dry heat treatment step was set

at 220°C.

[0098]

[Physical properties of fiber]

The regulting fiber had physical properties of a fineness
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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 easily dyeable meta-type wholly aromatic polyamide fiber having a
residual solvénticohténesf.04 mrssioler lessémttefarin af thecfildelt and havieg arsfrengtmretention
ratio of 65 % or more in the form of the dyed fiber after 150-hour immersion in a 50C 20 mass%
aqueous suffirferatid sofufin JGlaird] 2 e Fheéwasifydyésble tREtREYHEHOII AroaTdtic-polyamide

fiber accordlng to claim 1, wherein the percentage dye exhaustion of the dyed fiber is 90 % or more.
hie phy91ca1 properties of the resulting fiber are shown in

Takle 1.
[0099]
[Dveing step]

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 gstrength of the
dyed fiber was 2.7 cN/dtex, and the tensile gtrength 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]
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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
indyeability and acid resistance, and is very small in residual
solvent content of the fiber, and ig excellent in environmental
safety. For thieg reason, the industrial value of thig fiber
is very large in the fields reguiring 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 c¢btained, and hence the utility is very large.
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CLATIMS
{Claim 1]

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 meore in the form of the dyed fiber after 150-hour
immersion in a 50°C 20 mass% agqueous sulfuric acid sclution.
[Claim 2]

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

exhaustion of the dyed fiber is 90 % or more.
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