Description Aromatic polyamide fiber, a method for producing the same,
and protective clothing material comprising the same Technical Field The
present invention relates to an aromatic polyamide fiber having small
fineness of a single filament and excellent mechanical properties such as
tensile strength and initial modulus, a method for producing the aromatic
polyamide fiber, and a protective clothing material having lightweight and
excellent bulletproof performal&é “GorRprisig the aromatic polyamide
fiber. Background Art Conventionally, an aromatic polyamide (aramid)
fiber comprising aromatic dicarboxylic acid components and aromatic
diamine components, particularly&e-aramid fiber, is widely used in
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multi-layered of aramid fiber cloths is one of the specific applications, and
various methods are hitherto proposed in, for example, JP-A-52-46700

7 JR-A-5£7207799. 1 A poly(p-phenylene terephthalamide) (PPTA) fiber
is the representative p-aramid fiber used in the above applications.

The present invention relates to an aromatic polyamide
fiber having small fineness of a single filament and excellent
mechanical propertiesgs such as tensile strength and initial
modulus, a method for producing the aromatic polyamide fiber,
and a protective clothing material having lightweight and
excellent bulletproof performance, comprising the aromatic

polyamide fiber.

Background Art

Conventionally, an aromatic polyamide (aramid) fibex
comprising aromatic dicarboxylic acid components and aromatic
diamine components, particularly p-aramid fiber, 1s widely
used in industrial applications and clothing material
applications by taking advantage of characteristics such as
its strength, high modulus and high heat resistance.

For example, a protective clothing material using a
multi-layered of aramid fiber cloths is one of the gpecific
applications, and various methods are hitherto proposed in,

for example, JP-A-52-46700 and JP-A-57-207799.



This fiber has many advantages, but has the disadvantage on process in
the point that the fiber is produced by a so-called crystal liquid spinning
method utilizing optical anisotropy of a polymer dope. Furthermore,
regarding fiber performances, the fiber has the disadvantages such that
among mechanical properties, strength is not always high, elongation is
low and toughness is deficient. Particularly, interest regarding protection
againdt Pulit s redertilincreasst Rivdthé segdirdment ha pidiestive the
clothing material to firearms firing a bullet having energy of higher level is
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properties, strength is not always high, elongation ig low and
toughness 1s deficient.

Particularly, interest regarding protection against
bullet 1s recently increased, and the requirement in a
protective clothing material to firearms firing a bullet
having energy of higher level is increasing. To meet this
regquirement, PPTA fiber is regquired to increase the number of
lavers in order to increase bulletproof performance, and this
significantly increases the weight. As a result, 1t is
difficult to regularly use the PPTA fiber as a protective
clothing material.

To eliminate such problemg, an attempt has been made to
develop an aromatic polyvamide that has high solubility in the
conventional amide solvent and can easily be spun, and that
a fiber obtained therefrom has high tensile strength and high
initial modulus after drawing treatment.

For example, JP-A-7-300534 proposes production of an

aromatic polyamide fiber which forms an isotropic sclution to



at least two kinds of diamines. However, the aromatic polyamide fiber

disclosed in the above patent publication is deficient in mechanical

properties such as tensile strength and initial modulus, and it is the

actual condition that an aramid fiber that can develop excellent

mechanical properties is not yet obtained. Disclosure of the Invention

Objects of the present invention are to solve the above problems in the
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formula (1), and a structural repeating unit of the following repeating unit

exkimamamesak 9h30molg armare: 340 the whole amouptakthes .
aromatic polyamide structural units,
Disclosure of the Inventiocon

Objects of the present invention are to solve the above
problems in the prior art and to provide an aromatic polyamide
fiber having small fineness of a single filament and excellent
mechanical properties such as tensile strength and initial
modulus, and capable of exhibiting sufficient bulletproof
performance when used as, for example, a protective clothing
material to a bullet, a methed for producing the same, and a
protective clothing material comprising the same.

Az a result of making repeated studies to solve the above
problems, the present inventors have reached to complete the
present invention.

That 1s, the objects of the present invention are
achieved by an aromatic polyamide fiber comprising an aromatic
polyamide containing a structural repeating unit of the
following formula (1), and a structural repeating unit of the

following repeating unit (2) in an amount of 30 mol% or more



the fiber having strength of 20 cN/dtex or more and modulus of elongation
of 500 cN/dtex or more; a protective clothing material comprising a
layered product of a single kind or plural kinds of fiber cloths, wherein the
fiber cloth is comprised of the aromatic polyamide fiber; and a method for
producing an aromatic polyamide fiber, comprising extruding an aromatic
polyamide solution containing a structural repeating unit of the following
tdoehrlaN@ ) captiastruetidl Fepeaiiag ufibef tretoliewding veperting wnitts
(2) in an amount of 30 moll or more to the whole amount of the aromatic
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solution in an NMP agueous solution having a concentration of from 10 to
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50C, and then heat-treating the resulting, fiber.,-CO-Ar:-CO-NH-Are-NH-,
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ofndependently represent an . unsubstityted g1 substituted divalent aromatig
group. 4 Best Mode for Carrying Out the Invention
an aromatic polyamide fibker, comprising extruding an aromatic
polyvamide solution containing a structural repeating unit of
the following formula (1), and a structural repeating unit of
the following repeating unit (2) in an amount of 30 mol% or
more to the whole amount of the aromatic polyamide structural
units from a spinning nozzle, coagulating the solution in an
NMP aguecus solution having a concentration of from 10 Lo 50%
by weight at a temperature of from 20 to 50°C, drawing the
regulting fiber by 1.3 to 2.5 times in an NMP agqueous solution
having a concentration of from 30 to B0% by weight at a
temperature of from 20 to 50°C, and then heat-treating the

resulting fiber.

-CO-Ar -CO-NH-Ar*-NH- (1)
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o
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wherein Ar' and Ar® each independently represent an

unsubstituted or substituted divalent arcmatic group.



The embodiment of the present invention is described in detail below.
The aromatic polyamide intended in the present invention is a polymer
having one kind or two or more kinds of divalent aromatic groups directly
connected through an amide bond. The aromatic group may be a group
having two aromatic rings bonded by oxygen, sulfur or an alkylene group.
Those divalent aromatic groups may contain a lower alkyl group such as
BYREtIPSrodBr EESF Gidtp, Arhethoxy Grogp e hlogen group such as
chloro group, and the like. The aromatic polyamide of the present ‘
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J diamine are reacted in an amide polar solvent according to the
Lotventisnadiy known method to obtain a polymer solution. The aromatic

dicarboxylic acid dichloride in the present invention may be the .
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dichloride” The present invention uses two kinds of aromatic diamines.

a1 NR aromatic diapine iz onerkindselected fromsubshitited Ok s bonded
unsubstituted p-aromatic diamines, and may be the generally S

by oxygen, sulfur or an alkylene group. Those divalent

aromatic groups may contain a lower alkyl group such as methyl

group or ethyl group, a methoxy group, a halcocgen group such

as chloro group, and the like.

The aromatic polyvamide of the present invention ig that
an aromatic dicarboxylic acid chloride and an aromatic diamine
are reacted in an amide polar solvent according to the
conventicnally known method to obtain a polymer solution.

The aromatic dicarboxylic acid dichloride in the present
inventionmay be the conventionally known compounds. Examples
thereof include terephthalic acid dichloride,
2-chloroterephthalic acid dichloride, 3-methylterephthalic
acid dichloride, 4,4" -biphenyldicarboxylic dichloride,
2,6-naphthalenedicarboxylic acid dichloride and isophthalic
acid dichloride.

The present invention uses two kindg of aromatic diamines.

One arcomatic diamine 1ls one kind selected from substituted or

unsubstituted p-aromatic diamineg, and may be the generally



known diamines such as p-phenylene diamine or p-biphenylene diamine.
Another aromatic diamine is one kind selected from substituted or
unsubstituted diamines having a phenylbenzimidazole group. Of those,
5(6) -amino-2 (4-aminophenyl)benzimidazole is preferred from the points
of easy availability, excellent tensile strength and initial modulus
possessed by a fiber obtained, and the like. Examples of the amide polar
KIgaire it tR3BA 1§ heS Prasent iveRpstihelrleN Aodntethyifermbdimlte;y 1 ene
N,N-dimenthylacetamide, N-methyl-2-pyrrolidone and
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whole amount of the structural units. The preferred content of the
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content is less than 30 mol%, the problem arises that a reaction solution

becomesstuphid dn pehunerizatio . seaetion aRshsuetzaduibiddepe resent
makes it difficult to conduct

invention include N,N-dimethylformamide,
N,N-dimenthylacetamide, N-methyl-2-pyrrolidone and
dimethylimidazolidinone. In particular,

N-methyl-2-pyrrolidone 1is preferred from the points of
handling properties and stability during from polymerization
of an aromatic polyamide to dope preparation and wet spinning
step, toxicity of a harmful solvent, and the like.

The arcmatic copolyamide fiber produced by the present
inventicn is required to contain structural repeating units
of the following formula (1) and the following formula (2) and
is required that the structural repeating unit of the formula
(2) is contained in an amount of 30 mol% or more to the whole
amount of the structural units. The preferred content of the
gtructural repeating unit is in a range of 50 mel% or more.
Where the content is less than 30 mol%, the problem ariges that
a reactlion solution becomes turbid in a polymerization

reaction, and such a turbid dope makes it difficult to conduct



6 spinning. -CO-Ar'-CO-NH-Ar'-NH- (1) -C0-Arl CO-NH NH- (2) H
wherein Arl and Arz each independently represent an unsubstituted or
substituted divalent aromatic group. In the present invention, to increase
solubility of the aromatic copolyamide in an amide polar solvent, the
generally known inorganic salts are added in an appropriate amount
before, during or after the polymerization. Examples of the salt include
SHtHidm thioride and calcium chloride. The amount of the salts added is
referably from 3 t0,10% by weight. Where the addition amount exceeds
) %@@5y“v§&§ﬁﬁ'iﬁ§ difficlt to dissolve the whole amourt/of the salts in
the amide polar solvent, which is not preferred. On the other hand, where
the addition amount is | ani3% b ight, an effect of improving
-Satubility, i§ defigient t@Ficompletion of the
reaction, according to d, a-bagic i c compound’such as sodium
hydroxide, potassium hydroxide, icalcium hydroxide or calcium oxide is
added to conduct neutralization féaction. The concentration of a polymer
witermedhin the:polymerization reaction t9.as0lvenids important ;Te gbtain 4
a homogeneous polymer having high degree of polymerization,
unsubstituted or substituted divalent aromatic group.

In the present invention, to increase solubility of the
aromatic copolyamide in an amide polar solvent, the generally
known inorganic salts are added in an appropriate amount before,
during or after the polymerization. Examples of the salt
include lithium chloride and calcium chloride. The amount of
the salts added is preferably from 3 to 10% by weight. Where
the addition amount exceeds 10% by weilght, it ig difficult to
dissolve the whole amount of the salts in the amide polar
sblvent, which is not preferred. Omn the other hand, where the
addition amount is less than 3% by weight, an effect of
improving solubility is deficient, which is not preferred.

After completion of the reaction, accerding to need, a
basic inorganic compound such as sodium hydroxide, potassium
hydroxide, calcium hydroxide or calcium oxide is added to
conduct neutralization reactiomn.

The concentration of a polymer formed in the
polymerization reaction to a solvent is important. To obtain

a homogenecus polymer having high degree of polymerization,



7 10% by weight or less is preferred as a concentration of a polymer

formed. Particularly, a range of from 3 to 8% is advantageous to obtain a

stable polymer. In the present invention, the aromatic copolyamide dope

is extruded in a coagulating liquid to obtain a coagulated yarn. The

coagulating liquid in the present invention is comprised of an aqueous

solution comprising two components of an amide solvent and water. The
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ndling properties, stability, toxicity of a harmful solvent, and the like.

P& o%c%ﬁffg‘t%% of e amide Soivent if the?dtifeols doidibniis t0 8% is

2 E\?gﬁ saré to Sbe ggorg 10at£n50% bg/ vl\:lﬁi ht.c\)/ihere the concentration
exceeds 8‘%, coagui%ﬁon of the aromatic’ E{S‘I%mide dope does not

proceed, tysion hetesn yaylie mmatorals s generated. and s o e

conduct yarn-making. more, w

1 £engeptatign:is Jessthan é@f@fﬁ%ﬁﬁ@ﬁ% 40es Ng tapé%%egetgl atedyarn.

sufficiently, and drawing properiies at the time of the drawing
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temperature of a coagulation bath has a close relationship to the
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too high, fusion between yarns is vigorous, and workability deteriorates.
sdDréhis reasan, thettemperataneds reguiited todee freat20 16500 raferably
N-methyl-2-pyrrolidone from the points of handling properties,
stability, toxicity of a harmful solvent, and the like.

The concentration of the amide solvent in the agueous
solution is necessary to be from 10 to 50% by weight. Where
the concentration exceeds 50%, coagulation of the aromatic
copolyamide dope does not proceed, fusion between varn-like
materials is generated, and it is difficult to continuocusly
conduct yvarn-making. Furthermore, where the concentration is
less than 10%, plasticization does not proceed sufficiently,
and drawing properties at the time of the drawing subsequently
conducted deteriorate, which is not preferred.

The temperature of a coagulation bath has a close
relationship to the composition of a coagulation bath.
However, where the temperature is too high, fusion between
varns 1s vigorous, and workability deteriorates. For this
reason, the temperature is required to be from 20 to 50°C.

In the present invention, an aromatic copolyamide yarn



In the present invention, an aromatic copolyamide yarn 8 is taken off from
the coagulation bath, sent in an aqueous solution comprising two
components of an amide solvent and water, and drawn to from 1.3t0 2. 5
times in the aqueous solution. The concentration of the amide solvent in
the NMP aqueous solution is required to be from 30 to 806. Where the
concentration exceeds 80%, the aromatic copolyamide yarn, dissolves in
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Subsequently, the aromatic copolyamide yarns are treated In'a wate

sdvashing, step to,syfficiently remoye.a solvent, ssufficiently dried igja.drying »

step, and then heat-treated. It is preferred in the present invention that the

cdieatrirealment tempesatute ahthe yams isincrange of 899 300119 varn
550C. Where the temperature is lower than 300C, the fiber does not

distdficiently induce=crystallization. As, adegukthsutficient ensile strengi cult

and initial modulus may not be obtained. Where the temperature exceeds
tb50Bthefthesly conduct fiber-making. Furthermore, where the
concentration is less than 30%, plasticization does not
proceed sufficiently, and it is difficult to ensure the above
draw ratio. Where the temperature of the NMP agqueous solution
is too high, fusion between yarns is vigorous, and workability
deteriorates. Therefore, the temperature is required to be
form 20 to 50°C.

Subsequently, the aromatic copolyamide vyarns are
treated ina water washing step to sufficiently remove a solvent,
sufficiently dried in a drying step, and then heat-treated.

It is preferred in the present invention that the heat
treatment temperature of the yarns is in a range of frowm 300
to 550°C. Where the temperature ig lower than 300°C, the fiber
does not sufficiently induce crystallization. As a result,
sufficient tensile strength and initial modulus may not be
Obtained. Where the temperature exceeds 550°C, the fiber

induces thermal degradation. As a result, gufficient tensile

strength and initial modulus may not be obtained.



induces thermal degradation. As a result, sufficient tensile strength and
initial modulus may not be obtained. 9 The aromatic copolyamide f iber
thus obtained is required to have tensile strength of 20 cN/dtex or more
and initial modulus of 500 cN/dtex or more. The fineness of the fiber in
the case of using the fiber in a protective clothing material is preferably in
a range of from 200 to 1,700 dtex. Where the fineness is less than 200
dtex, it IS AFCHTE to SHtSRhEFBG(iFed WSight Per (it awRigH sheeauired
__preferred. The fineness of a in%I filament js preferably from 0.5t0 6, . |
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filaments. The form of a ¢ in using t er fo a protective
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woven fabric or a nonwoven fabric. When the form is a woven fabric, the
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direction. As a result, the performance of the fiber is liable to be exhibited,
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invention is liable to be achieved. Furthermore, the form of
which is not preferred. The fineness of a single filament is
preferably from 0.5 to 6 dtex. Where the fineness is less than
0.5 dtex, fluff is generated due to broken single filament in
the case of weaving, and weaving work is difficult. On the
other hand, where the fineness of a gingle filament exceeds
6 dtex, separation ig liable to be generated between single
filaments.

The form of a cloth in using the above fiber to a
protective clothing material can employ optional forms such
asg a knitted fabric, a woven fabric or a nonwoven fabric. When
the form is a woven fabric, the respective fibers are arranged
in one warp direction and one weft direction. As a result,
the performance of the fiber ig liable to be exhibited, and
high bulletproof performance which is the object of the present
invention ig liable to be achieved. Furthermore, the form of
weaving structure is liable to be maintained, and the texture

is difficult to open. Therefore, the fibers do not shift by

landing a bullet thereon, and loss of f£iber performance is small,
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weaving structure is liable to be maintained, and the texture is difficult to
open. Therefore, the fibers do not shift by landing a bullet thereon, and
loss of fiber performance is small, 10 thus showing high bulletproof
performance. This is preferred. The above aromatic copolyamide fiber
cloths are layered and used as a layered product. The layered product
may be used alone or may be used in combination with other
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£ 1measdied in a copceptrated sulfurie: acidhayving.a-coneentration of P8o:at, ¢
30C with regard to a solution having a polymer concentration of 0.5 g/dl.

f 1(23 Ballisticiresistancei test Perlonpeance testof-gectiond LA by3- s WSz 5
bullet (bullet speed: 42415 m/s) according to NIJ-STD (National
other aramid fibers, polyacrylate fibers or high-strength

polyethylene fibers as the high-strength fibker cloth to be

combined.

Examples

Constitution and effect of the present invention are
described in more detail below by reference to the Examples.
Each of properties in the Examples is obtained by the following
method.
(1} Viscosity (ninhi

The viscosity was measured in a concentrated sulfuric
acid having a concentration of 98% at 20°C with regard to a
solution having a polymer concentration of 0.5 g/dl.
{2} Ballistic resistance test

Performance test of Section IITA by 9 mm FMJ bullet
(bullet speed: 424415 m/s} according to NIJ-STD (National
Institute of Justice-Standard)-~0108.02 and performance test
of 22 caliber 17-grain by a dummy bullet according to MIL-STD

(Military Standard)-652 were carried out.
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Institute of Justice-Standard)-0108.02 and performance test of 22 caliber
17-grain by a dummy bullet according to MIL-STD (Military Standard)-662
were carried out. 11 Example 1 1.940 liters of N-methyl-2-pyrrolidone
(NMP) was introduced into a stirring tank equipped with a stirring blade,
the inside of which nitrogen flows, and 60.0 g of sufficiently dried calcium
chloride was introduced and dissolved therein. 11.0 g (30 mole) of
p-phenylenediamine (PPD) and 53.0 g (70 mol%) of

5({% mino-2-(4-aminophenyl)benzimidazole (DAPBI) were weighed and
iAteddced to dissolve. Subsequently, 68.6 g (100 mol%) of terephthalic

id chlogide (TP introduced thereby obtaini I
Colution 110.0 § o1 NV GSperSigN contaihfa 32 by wolghL el "2

solutori 110.0 ¢ SpefSich cortalfify 22547 weldht
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« HEoAhepolymer-solutign obtainedmas, 8.0 Thedone ohiginedwas ; ot 1+

extruded from spinning nozzles having a hole diameterof 0.15 mm and

atheumber; ehheles of i2k:iRa Propertion Qi &b SePel Mk aNd 8RR i |
in an aqueous solution having an NMP concentration of 30% by weight at

1150C dhraugina space £afled indrgaps therehy ohtainingrs ceagulateds yarn 7o
Drawing was then conducted at a draw ratio of 2.0 times

mcl%) of 5(6)-amino-2- {4-aminophenyl)benzimidazoie (DAPBI)
were weighed and intreduced to dissclve. Subsequently, 68.6
g {100 mol%) of terephthalic acid chloride {TPC) was introduced
to react, thereby obtaining a polymer solution. 110.0 g of
an NMP dispersion containing 22.5% by weilght of calcium
hydroxide was added to thisg product to conduct neutralization
reaction.

Vigcosity (ninh) measured with regard to a polymer
precipitated from the polymer solution obtained was 6.0.

The dope obtained was extruded from spinning nczzles
having a hole diameter of 0.1i5 mm and the number of holes of
25 in a proportion of 2.5 cc per minute, and spun in an agqueous
solution having an NMP concentration of 30% by weight at 50°C
through a space called air gap, thereby cbtaining a coagulated

varn. Drawing was then conducted at a draw ratio of 2.0 times

in an NMP agueous solution having a concentration of 70% at

a temperature of 30°C. After drawing, the yvarn was washed with

water, dried and then heat-treated at a temperature of 450°C.
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in an NMP aqueous solution having a concentration of 70% at a
temperature of 30C. After drawing, the yarn was washed with water, dried
and then heat-treated at a temperature of 450C. 12 The yarn was rolled
up at a speed of 30.0 m/min to obtain a yard having 42 dtex/25 fil.
Mechanical properties of this fiber were that tensile strength is 24 9
cN/dtex and initial modulus is 900 cN/dtex. Examples 2

?bfo%%ﬁ%t%%%%bﬁe@ 5o ?‘Ac%o?é?ﬁ&‘{io tHe aflove d%%tu&ﬁ hethdar 2
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sthegsHits are showsing [abl ea?ndEfﬁﬂpj'_%Z a0ty {ve; rosmalicay /g e

polyamide fiber yarns obtained in Example 6 were arranged and twisted

E}&aﬁﬂ\@ CQG{fJ?'%ntaH{dGc@ﬁﬂ;ﬁ’?&%ﬁ%\’\%%@wgﬁ weavedensities of
45/in to prepare a plain weave fabric having a weight per unit of 210

g/m2. xhwentyiteyr wevenHabricsonere piled and waresstibieeted 9ramatic
bulletproof test. As a result, V50 was 530 m/s. Comparative Example 3 A

pcplgiamerye fakricwas preparedfroiniPPTHefibers: acoofding:to MilExample
(Military Standard)-C-44050. An aramid

1, except that the addition propertion of diamines, the draw
ratio 1in NMP agueoug solution, and the heat-treatment
temperature of arcmatic polyamide fiber were changed to thoge
as shown in Table 1. The results are shown in Table 1.
Example 7

Twenty-£five aromatic polyamide fiber yarns obtained in
Example 6 were arranged and twisted in a twist coefficient of
6, and woven inwarp and weft weave densities of 45/in to prepare
a plain weave fabric having a weight per unit of 210 g/m”.
Twenty-four woven fabrics were piled, and were subijected to
a bulletproof test. Asg a result, V50 wag 530 m/s.
Comparative Example 3

A plain weave fabric was prepared from PPTA fibers
according to MIL {Military S8tandard)-C-44050. An aramid
(PPTA) fiber of 500 filamentg, having tensile strength of 20
cN/dtex, modulus of elongation of 500 cN/dtex, and 1,100 dtex

was twisted in 59 T/m (twist ceoefficient: 7.6), and woven in

warp and weft weave densities of 30/in, thereby obtaining a
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(PPTA) fiber of 500 filaments, having tensile strength of 20 cN/dtex,
modulus of elongation of 500 cN/dtex, and 1,100 dtex was twisted in 59
T/m (twist coefficient: 7.6), and woven in warp and weft weave densities
of 30/in, thereby obtaining a 13 plain weave fabric having a weight per
unit of 285 g/m2. Eighteen woven fabrics were piled and subjected to a
bulletproof test in.the same manner as in the above Example. As a result,

D1Gd5 WEE 267 niRPTABLEA ERSmAle Exhfble BSAmpia Corfbarative /™ -
. le E le E le C ive 123E | 46 le2
B R G E 166 L0t i 166 150, SRR ey S R0 5

PBI %) 70.70.70.70.70.70 50 20, Plastici 1.
b 3 o Thallt e TP 180 HEESE SR e

asl-4 1-Z filamentfdiex) Yargsmaking Heat-treatment 450 450 450 450 250
580 450 impossible temperature (C) Tensile strength 24.9 26.9 21.5 15.6

13.4 18.0 24.9 (cN/dtex) Initial modulus 900 870 840 760 570 840 900

(cN/dtex)

TARLE 1
Example | Example | Exampie Comparative | Example | Example | Example | Comparative
1 2 3 Example 1 4 5 ] Example 2
TPC (moi%) 100 100 100 100 100 100 100 100
PPD {maol%} 30 30 30 30 30 30 50 80
DAPBI (mal%} 70 70 70 70 70 70 50 20
Plasticized draw 1.9 2.3 1.5 1.1 1.9 1.9 1.9
ratio {Times)
Fineness of single 1.7 1.4 2.2 3.0 1.7 1.7 1.7
filament (dtex} Yarn-making
Heat-treatment 450 450 450 450 250 580 450 impossibie
temperature (°C)
Tensile strength 24.9 26.8 21.5 15.6 13.4 18.0 24.9
(cN/dtex)
Initial modulus 900 870 840 760 570 840 900
{cN/dtex)
Elengation at break 2.9 3.1 2.7 2.2 2.4 24 2.9
(%}
Industrial Applicability
Accerding to the present invention, an aromatic

polyamide fiber having small fineness of a single filament and
excellent mechanical properties such as tensile strength and
initial modulus as comparaed with the conventional aromatic
polyamide fiber is obtained. Therefore, aprotective clothing

material having lightweight and excellent bulletproof

14



Elongation at break 2.9 3.1 2.7 2.2 2.4 2.4 2.9 (") Industrial Applicability
According to the present invention, an aromatic polyamide fiber having
small fineness of a single filament and excellent mechanical properties
such as tensile strength and initial modulus as compared with the
conventional aromatic polyamide fiber is obtained. Therefore, a protective
clothing material having lightweight and excellent bulletproof 14
PEIUrRRACE caRTheFrobtsd i 0r eXampig th& Rt bF préteetiveteld of
clothing. materials, Furthermore, according to the production method of
PHRE Srsdon uSHIOR LR RIS polyANTHE HBr BN B prodticd o the
pr%%@géfgﬂn%gﬁ%g ?lgf 1?}%"?‘“&% : ﬁ@ aﬁon@a%%p%'xam%ef'.b§£om tic
comprising an aromatic polyamld% con?alnlng a structural repeating uni
poojf#gﬁz,ifaléo%‘gef?“@a@ g dasirugual Iepeatingrunf oL NG, < o1
following repeating unit (2) in"an amount of 30 molo or more to the wholé
amount of the aromatic polyamide structural units, the fiber having
strength of 20 cN/dtex or more and modulus of elongation of 500 cN/dtex

or more: -CO-Arl-CO-NH-Are-NH- (1) -N

15



-CO-Ar-CO-NH I] NH- (2) N i H wherein Arl and Are each
independently represent an unsubstituted or substituted divalent aromatic
group. 2. A protective clothing material comprising a layered product of a
single kind or plural kinds of fiber cloths, wherein the fiber cloth is
comprised of the aromatic polyamide fiber as claimed in claim 1. 3. A
method for producing an aromatic polyamide fiber, comprising extruding
an aromatic polyamide solution ¢ ‘?a%?i‘ﬁ]g a structural repeating unit of
the following formula (1) , and a structural repeating unit of the following
repeating unit (2) in an amount of 30 mols or more to the whole amount of

the aromatj lyamid ructural units-from a_ 16_spinning nozzle .
1. %I‘F atie, palyamide sirych 31 3P %
coagulating the soluti O|n}l:'jlan NMP anUe%ﬁs solution hiav g%n aromatic

pogl i niation-ofifrom 40.fo 50%;hy weight at ﬁ:&%@a@fﬁﬁe gfirom 20 1Q o

, drawing the resulting fiber by 1.3 to 2.5 timés in an NMP aqueous
£ 30ldtiembaying concentration af from,3@ 10-80% by, Waighf At R it of the

temperature of from 20 to 50C, and then heat-treating the resulting fiber:
£ CORWHEQ-BbEAre- M) sr (2N 168'an amount of 30 mol% or more
to the whole amount of the aromatic polyamide structural units,
the fiber having strength of 20 cN/dtex or more and modulus

of elongation of 500 cN/dtex or more:

~CO-AYT-CO-NH-Ar*-NH- (1)

,;;M M o
—CO—Ar'—CO—NH \lf[ \>—ﬁ ANH- )
' o - S
- [\lJ -
H

wherein Ar® and Ar® each independently represent an
unsubstituted or substituted divalent aromatic group.

2. A protective clothing material comprising a layered
product of a single kind or plural kinds of fiber cloths,
wherein the fiber cloth is comprised of the aromatic polyamide
fiber as claimed in claim 1.

3. A method for preducing an aromatic polyamide fiber,
comprising extruding an aromatic polyamide solution
containing a structural repeating unit of the following
formula (1), and a structural repeating unit of the following
repeating unit (2) in an amcount of 30 mol% or more to the whole

amount o©f the arocmatic polyamide structural units from a

16



-CO -Ar' CO-NH- N NH (2) H wherein Arl and Are each independently
represent an unsubstituted or substituted divalent aromatic group. 4. The
method for producing an aromatic polyamide fiber as claimed in claim 3,
wherein the heat treatment temperature is from 300 to 550C. 5. The
method for producing an aromatic polyamide fiber as claimed in claim 3
or 4, wherein tensile strength of the aromatic_polyamide fiber is 20

S RN 0P B Fe: Sand it b dhEs theredP i 560 ENTdteR oriffdrea gyecus

sclution having a concentration of from 10 to 50% by weight

at a temperature of from 20 te 50°C, drawing the resulting fiber
by 1.3 to 2.5 times in an NMP aqueous solution having a

concentration of from 30 to 80% by weight at a temperature of

from 20 to 50°C, and then heat-treating the resulting fiber:

-CO-Ar*-CO-NH-Ar®-NH- (1)
f‘"ﬁx _-«F'Nh o

—CO—Ar—CO —NH m“}; NH- (2)
SN R

i
H

wherein Ar® and Ar®’ each independently repregent an
unsubstituted or substituted divalent arcmatic group.

4. The method for preducing an aromatic polvamide fiber as
claimed in c¢laim 3, wherein the heat treatment temperature is
from 300 to 550°C.

5. The method for prcducing an aromatic polyamide fiber as
claimed in claim 3 or 4, wherein tensile gtrength of the
aromatic polyamide fiber is 20 ¢oN/dtfex or more, and initial

modulus thereof is 500 ¢N/dtex or more.
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