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 protectime £dathingmaterial having lightweight and

excellent bulletproof performance, comprising the aromatic oolyamide

fiber. Background Art Conventionally, an aromatic polyamide (aramid)

fiber comprising aromatic dicarboxylic acid components and aromatic
Adiamineccomppaente partieutarly prararitl fiber gsaddelyrusethivn same, and

industrial applications and clothing material applications by taking
prdvanrtagecofchardctadstivststichads itsostrenigth ritigh msoduins: and high

heat resistance. For example, a protective clothing material using a

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
TengPAls 72875799, Apo y(p-phenylene terephthalamide) (PPTA)

fiber is_the representative p-aramid fiber used in the above applications.

This fibehBS T4y advaitiges bt 1R d?&&%rﬁﬁaé%g Proeasy intde

the paint that the fiber is,produced hy a so-called crystal liquid spinnin ‘
R Bh o 1S Bptical ANSBFSRY Of & poryiner dape Fitietorg oL o
miggaiding.bernerionmances, e fiber tas,he-disadvaniages syeh 1al 5 51

among mechanical properties, strength is not always high; élongation is
mdQ 80d todghness s dglicients:, . ; Rariglady. Jpterest eoarding e ipar,

protection against bullet is‘recently inCreased, and the requirément in a
aprotectiveplethingyaaterightoi firgarmas fiing a bullet:naying:enargy ohne ang

higher level is increasing. To meet this requirement, PPTA fiber is
eveqilifeshto increase the-sgmper oblayersin orderde-inerease buletpropfatic

performance, and this significantly increases the weight. As a result, it is
rdifffenititderefiltzely use the PPTA fiber as a protective clothing material.

To eliminate such problems, an attempt has been made to develop an

aromatic polyamide that has high solubility in the conventional amide

solvent and can easily be spun, and that a fiber obtained therefrom has
BhigFERSE sfidrgth and high initial modulus after drawing treatment.

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

polyantid& THRF Whith forms &f i§dt $6lUBSH- P RhEmidR YReht by~ oer
Cﬁgg%;ggrsldensg\g dicarbonyl dihaélides gnd at least two kinds of diamines

ever, the aroniatic polyamide fiber distiosad A TREAHOVE AR Cmatic

apublisation s, defidintin meshanical properties, such,as lensile strenath. .

initial modulus, and it Ts the actual ¢ an aramid fiber tha
ug@rc‘:idei/ﬁbpindustrial 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 arvamid fiber cloths is one of the specific
applications, and various methods are hitherto proposed in,

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



a excellent mechanical properties is not yet obtained. Summary Objects of
the present disclosure 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 psed as. far example .4, profediive Q'Q_H“ﬂﬂ? rmaleriali pe

a bullet, a method for producing the same, and a protective clothing

rigterial.comprising the-same. £ 1 be ASa Lesult of maaking.repeated studiess .
to solve the above problems, the present inventors have reached to

Teampleie dhe presen tsciearue.r Ehat is, the objects oktheipwseitntage on
disclosure are achieved by an aromatic polyamide fiber comprising an

pakereatic polyamide contaimag a skeuctlisalrepeatingdiniteef the followingllzd
formula (1) , and a structural repeating unit of the following repeating unit

c2ydrah amquntoE30 mol%ommoieoto thel whelenamopint.okthesarbataticopy
polyamide structural units, the fiber having strength of 20 cN/dtex or more

o&nkel peoduNgs sfcaengaffon: 6500 eNfitascarandra) @ pidtective wicthingnces,
material comprising a layered product of a single kind or plural kinds of

tHifer cioins, Wherdin the i EIGHH IS 86mpRised: of etardintis puhpdinidecal
fiber; and a method for producing an aromatic polyamide fiber, comprising

PERRTING &f afdmaitI Sy afnide sEIGifEH Bottating a Shadfutaldedtitg 2nd

tunit \%f the fol,lowi§ formula (1), and a structural repeating unit of the

foild {h%sl%pje%ti g%hﬁﬁ)ni% "an amount of 30 mol% or more to the whole

amount,of the ar?mapc poI%/a ide stguctural unjts from a scoinrgjng nozzle,.
ara_zhcu alrw ;. 1 ES regargl?g HZE“O cSCT1lon agalnst
coagulating the solution in an aqueods solution having a

rkpneentration of from- 10, to 502 by weight atg teH}Peera{lér%ﬂ fmgpta,
50C, drawing the resulting fiber by 1.3 to 2.5 times in an NMP aqueous

pRolutionhaving a concentraion of from 30,t0 80% byeight-al s 2 pullet
temperature of from 20 to 50C, and then resulting fiber.
mHQ-AF-CR=NEABE NE dheGO 1ACO tNHincreasing. To meet this
reguirement, PPTA fiber is reqguired to increase the number of
layers in oxder to increase bulletproof performance, and this
significantly increases the weight. As a result, it is
difficult tec regularly use the PPTA fiber as a protective
clothing material.

To eliminate such problems, an attempt has been made to
develop an aromatic polyamide 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 solution to



heat-treating the (1) (2) wherein Arl and Ar2 each independently

represent an unsubstituted or substituted divalent aromatic group. In

one aspect, the present disclosure provides an aromatic polyamide fiber
comprising an aromatic polyamide consisting a structural repeating unit of

the following formula %), 4 and a structural repeating unit of the foIIQwing
FebSHEEURT L2 tarP ARy 6P309AGI06 6T fHote 16 Bivwheld ambdas and
of the aromatic polyamide structural units, the fiber having strength of 20
BN/AER DT MidR &ndHodiiusoF@IBRGAton of 500 cN/dtex or more:

-CO-Ari-CO-NH-Ar2-NH- , wherein AL2 is an unsubstituted benzene ring
1) -COHWﬁY@J@’—I\trﬁe aromatic polyamide fiber disclesed in the

above patent publication is deficient inmechanical propertiss
such as tensile strength and initial modulus, and it is the
actual condition that an aramid fiber that can develop

*

excellent mechanical properties ie not yet obtained.

Summary

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

Ag a result of making repeated studies to =zolve the above
proeblems, the present inventors have reached to complete the
present disclosure.

That is, the objects of the present disclosure are
achieved by an aromatic polyamide £iber comprising an aromatic
polyamide containing a structural repeating unit of the
following formula (1), and a structurai repeating unit of the

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



1 NH-(2) wherein Ar represents an unsubstituted or substituted
divalent aromatic group. Best Mode for Carrying Out the Disclosure

to the whole amount of the aromatic polyamide structural units,
the fiber having strength of 20 clN/dtex or more and modulus
of elongation of 500 cN/dtex or more; & protective clothing
material comprising a layered product of a single kind or plural
kinds of fiber cleths, 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 sclution containing a structural repeating unit of
the following formula (1), and a structural repeating tnit of
the following repeating unit (2) in an amount of 30 mol% or
more to the whele amount of the aromatic polyamide structural
units from a spinning nozzle, coagulating the solution in an
NMP agueous solution having a concentration of from 10 to 50%
by weight at a temperature of from 20 to 50°C, drawing the
resulting fiber by 1.3 to 2.5 times in an NMP agueous solution
having a concentration of from 30 to B80% by weight at a
temperature of from 26 to 50°C, and then heat-treating the
resulting fiber.

~CO-Art-CO-NH-AT?-NE- (1)

o _ N\ //,’/ﬁ\;-\‘%
—CO A0 —NH | >—E jLNH» (2)
SN R
I
H

wherein Ar' and Ar* each independently represent an
unsubstituted or substituted divalent arcmatic group.

In one aspect, the present disclosure provides an aromatic polyamide fiber comprising an

aromatic polyamide consisting a structural repeating unit of the following formula (1),
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The embodiment of the present disclosure is described in detail below.
The aromatic polyamide intended in the present disclosure 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.
Ehdseidivalenreramagicdrofie folyvcontaipeatioyvarinikylig mmuﬁhoﬁso

th Xy grou halo roup, such
T N R R R TR R R R T B e
&@dﬁgmeﬂghhﬁ?@mﬁfMMwammmbﬁhﬂmmlandfaﬁ(mibmi&t}cor
diamine are reacted in an amide polar solvent according to the
conventionally known method to obtain a polymer solution. The
aromatic dicarboxylic acid dichloride in the present disclosure may be the
coiventioRaikdovmisempetrds iExamples an unsubstituted benzene ring (1}
thereofincludeterephthalicaciddichloride, 2-chloroterephthalic acid
dichloride, 3-methylterephthalic aci dlCthI‘Ide 4,4'-biphenyldicarboxylic
dichlaride, 2,6- naphthal di X ichloride and isophthalic
aci+Henioh r‘dé@@ne nt digclos Blikinds of aromatic (2}
diamines. One aromatic dramineitione “Selected from substituted or
unsubstituted p-aromatic diamineé,l and may be the genera known
diamines such as p-phenylene diamine or p-biphenylene diamine. Another
aromatic diamine is one kind selected from

ifutedor nsubstltuteddlamlneshavm
%leeséé%g ﬂ pDresents an ungubstituted or substituted divalent

aromatic group.

da



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 solvent used in the present
inventionin Iuggal_\_l,N-d' ethylformamide,

ﬁﬁ%lt-%}ljr%éanfgﬂy acetari lét,fi??r/ﬁé ﬁ;?lglér-%yrrolidoneand

dimethylimidaz ICi}gri]none. articular, N-methyl-2-pyrrolidone is preferred
from the@zﬁrﬁ:{g%o m&ﬁ@lﬁ%}‘ é)r 16%? 1%51%(&%&%gﬁlfg§/s%ﬁ%%%l?rom
Bglé/g}leiizgtég%gf an aromatic polyamide to dope preparation and wet
spinning step, toxicity of a harmful solvent, and the like. The aromatic
copolyamige fibgnRroaucaddey iha sttt disgaauiedrsequired to

contain structural repeating units of the following formula (1) and the

following formular2) Rl isequired that the-stuchuralrepeatingdinibelalent
the formula (2) is contained in an amount of 30 mol% or more to the whole
ameuat otthe-struetural doitss Therefered cantentfdhe-stiutdurdind.  The
repeating unit is in a range of 50 mol% or more. Where the content is less
thadm30 mel%: e proplem arisesibahaveactionsolutionhecomesdubidnded
in a polymerization reaction, and such a turbid dope makes it difficult to
egnduetygpinningu iCOA-C OaNHArR(A) G0 AgLONH (2 JTinheteid Avk 1ent
and Ar2 each independently represent an unsubstituted or substituted
divatent aromaticogoupy [nthepreseatdisoiysure tbintreasesolabdityeftheethyl
aromatic copolyamide in an amide polar solvent, the generally known
inorganicsaks Ard agdedrin anh SsprbpriateEmopnt before, digingaraffersuch
the polymerization. Examples of the salt include lithium chloride and
Bdlcitifn-ElerigE e aARGUTST the- B&lts added is preferably from 3 to

10% by weight. Where the addition amount exceeds 10% by weight, it is
difficult td MisEBNEhRAVABIE R B et ke et Bhide polar

solvent, which is not preferred. On the other hand, where the addition . |
EMGUTT T ess Man™$94 8y WwelyRE hit Sfect of tRtBGRI OBy i d+amine
deficient, whighyis not preferred, . Aftercompletion of the reaction. ., ..
accorﬁng toneed; a basic morgani(?compoun SUCh as S6dium 9

'% g1 @ﬁ%r@qr@%ﬁ?%%%x%‘&?% "yerede Qrﬁ%'fgwtﬁi%” S118 ¢ 10m.

ed to conduct neutralization reaction. The concentration-of a

polymer faymed i the polymerigation reactiondoa solyvent isimparant, f0s ent

obtain a homogeneous polymer having high degree of polymerization,
1% R wRIShhOtHessriscRiefRIfetasa comgentrdtionafapfslymer

formed. Particularly, a range of from 3 to 8% is advantageous to obtain a
stablespotymer. 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 disclosure uses two kinds of aromatic diamines.

Cne aromatic diamine is one kind selected from substituted or

unsubstituted p-aromatic diamines, and may be the generall



En the present disclosure, the aromatic copolyamide dope is extruded in a
coagulating liquid to obtain a coagulated yarn. The coagulating liquid in

the present disclosure is comprised of an aqueous solution comprising

two components of an amide solvent and water. The amide solvent is
preferably N-methyl-2-pyrrolidone from the points of handling properties,
ety tGRARESt & FaPmAd SONBRDNARG IR ketmineTRE donkehkation ene
of the amide solvent in the aqueous solution is necessary to be from 10 to
B By Aweidhit OWHere the BB ReEnHAfSI BRcdedSBEd: Ebdghfatpmtsitherom
aromatic copolyamide dope does not proceed, fusion between yarn-like
HERaldisenerdted, antditisiffichit 16 Continddddy- B6fduct 2aving  a
E}/arn-n:wL%kin .. Furthermore, where the concentration is less tgan 10%, _
pkf%%lza iorr doe€ ARGt proceed sﬁffﬁﬁéﬁﬂy, and drawing pr8 erties at

ime of the drawing subsequent| nducted deteriorate,. which is not
e e TN AR e o1 b Ko GaTAtan Bah s A HBgs T2 Trom

aﬁ@%@%m?stpo@ee%%?g%g% %fiaeégy'aé@eebﬁ%nﬁowsygi w@eg%gg%gm

temperature is too fusion between yarns is vigorous, and workability

Asieriorates; kordhis e e temperature is reqyired oPefrom g0 10 o

50C. In the present disclosure, an aromatic copolyamide yarn is taken off
from the geagulationath. sgpt ik anAgLeQusISAILTON,cMPIISING WO e sent
components of an amide solvent and water, and drawn to from 1.3t02 5
timesithe aqueous solution] dAe concentrationpfithe afHde pokeRtimh i de,
the NMP aqueous solution is required to be from 30 to 80%. Where the
Icaneantiation gxeeeds:80%s the arormatic=capplyamige-yansl dissalves in - and
the NMP solution, and therefore, it is difficult to continuously conduct
dibesnraking.i Bartiedrimdreowhere the concentratiortis less thani308icular,
plasticization does not proceed sufficiently, and it is difficult to ensure the
rapveliranlratigr Whicke tve ternperatopd of thied\N MR aguebts sahgtiortis  of
too high, fusion between yarns is vigorous, and workability deteriorates.
PrRfefore, RicCkMiperaturand régafed i6 Bedoim 2o tHBpCrolymerization
Subsequently, the aromatic copolyamide yarns are treated in a water
Wadhing StBP to SURRCERT fimbPe e BEVRREREHRIEHEY Gkl 11eh dRigring
step, and then heat-treated. Itispreferedinthepn:sentdisdosmethatthehem

TR henC IR GRA(TS 6 (RE YRMG isTH 2 73Hbe of fom 350 -550C.

where fie.teagratue isdower N 300, he fiber dogs ot sufficlently . .
induce crystallization. As aresult, sufficient tensile strength ar?a initial

Fofiilis %‘%E%é’%% %‘?‘AE‘%QwWD%’i‘?%Q&&%’%‘BW ture exceeds 550C, the

fiber induces thermal degradation. As a result, sufficient tensile strength

&hd initisbmodylusimay ot be obtaingd. cne fzgm@@wngtif&ﬂaewmgdﬁ and
fiber thus obtained’is required to have tensile strength of 20 cN/dtex or
TBore-gnd iitiat modulys of OO oN/dieX oemeks: ing The fingressofthen, 1z
fiber in the case of using the fiber in a protective clothing material is
referabbointarange ebfram 200ted, 430 dtexadVhererthedineness isdegsol e
than 200 dtex, it is difficult to obtain the required weight per unit, which is

aot preferied HEhe finenessraflawsinigle filamiert is-préterakly fram@HdioF the
dtex. Where the fineness is less than 0.5 dtex, fluff is generated due to
$nokert single filgpeent imthe:case obweavingrand weadingdworklis or more.
difficult. On the other hand, where the fineness of a single filament
"Eesedshe diex tseparationsis fidbieto Ve endratelibatwebasinglel ses that
filaments. The form of a cloth in using the above fiber to a protective
Zlofffiid FidtBriaf edi eAPloy 'opaERMaRforAis Eves ad 8 kritteRYabfe i zat ion
woven fabric or a nonwoven fabric. When the form is a woven fabric, the
heEpEcte fiBers S Erangetinbreapadiettioh aidtérewed to conduct
direction. As a result, the performance of the fiber is liable to be exhibited,

and high bulletproof performance which is the object of the present

disclosure ishabletobeachieved. Furthgnnom,theforrnof

ose,



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,
thusshowinghighbulletproofperformance. Thisispreferred. The above
aromatic copolyamide fiber cloths are layered and used as a layered
Prodirct *Fhe layered product maybe used alone or may be used in
combination with ather high-strength fiber cloth. In this case, it is preferred
16Uséh cloth gﬁﬁ@ﬁrs’ﬁﬁﬂng tensile strength of 18 cN/dtek or more such
as other aramid fibers, polyacrylate fibers or high-strength polyethylene
fibers as the high-strength-fiber clpth to mbined. Examples
Constitutighandeffegpjoftheprésemdisclosur yqiescrit;gq in more detail
below by reference to the:Ex .E roperties in the Examples
is obtained by the following method. (1) Viscosity (inh) The viscosity
was measured in a concentrated sllfuric acid having a concentration of

We%e 8t 30Cwith regakd tq gesolution having apqlyper sonceptration of .+ 4y

0.5 g/dl. (2) Ballistic resistance test Performance test of Section IIIA

By S EM-Bullel,(bgligtspeed: 42443 Hys)-acc0rdingde NIy |

(National Institute of Justice-Standard)-0108.02 and performance test of

22 calibaf thé1greainly184mMmy bulekacsrrding ta MIL-STD (Military
Standard)-662 were carried out. Example 1 1.940 liters of

N-methyl2 pyrcligans (NMP) arasintrodused dtea String, tankeequipped 11y
with a stirring blade, the inside of which nitrogen flows, and 60.0 g of
kofficientlpdged calerir:ehoridedsasiintroducedrancidissalvethiergirbe fore,
11.0 g (30 mol%) of p-phenylenediamine (PPD) and 53.0 g (70 mol%) of 5
feir-amgine2- (Fafmindphenyl) benzimidazeleiDAPBIrNeieweighedamdsalt
introduced to dissolve. Subsequently, 68.6 g (100 mol%) of terephthalic
aertekisride rPay was fitfctfucatite Pdatt HheFdbyPsBaing Bpofyrmemt of
solution, 110.0 g of an NMP dispersion containing 22.5% by weight of
Chidmtytrdsidedvas dddetriohis/plotiiet th Enddc meLifaizition Where

reaction, . . Viscosity (inn) measured with regard.to a polymer. . . ..
P AL P RE FyEr SOTT O db G G B 0L & dieficuls o

dissolve the whole amount of the salts in the amide polar
solvent, which ig not preferred. On the other hand, where the
addition amount is less than 3% by weight, an effect of
improving solubility is deficient, which is not preferrsd.

After completion of the reaction, according to need, a
basic inorganic compound such as sodium hydroxide, potassium
hydroxide, calcium hydroxide or calcium oxide i1s added to
conduct neutralization reaction.

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

a homogeneous polymer having high degree of polymerization,



The dope obtained was extruded from spinning nozzles having a hole

diameter of 0.15 mm and the number of holes of 25 in a proportion of 3.5

cc per minute, and spun in an aqueous solution having an NMP

concentration of 30% by weight at 50C through a space called air gap,

thereby obtaining a coagulated yarn. Drawing was then conducted at a

Hhaw' o ot l-ties iraR NMPRAqedts Sl Ty gntration of a

concentration of 70% at a temperature of 30C. After drawing, the yarn was

RiasHed witt WA, dried antitHen hedt-tréatBa i tBpéitlireof 4808t 12

%e arn was rolled up at g speed of 30.0 m/min to obtain a yard having
VGHRRAEH N Méehahidhl Prépeties oPthid Fifér were that tensile

strength, is 24.9 cN/dtex and ini{ial modulus is EOO cN/dtex. Examples 2 to

6 and COMPAPATAENEMEIES 16D Mt AeRSRINY 16 IRBSabove
fgoed;ygy'%@zaeé@log'c%{eggﬁigtplo' aﬁigﬁ%ﬁBeé%.vgsﬁzea%ta?;”cegaig the same_ .

manner as in Example 1, except that the addition proportion of diamines,

e diawtafio NV AQusaus salian A9 s heat treatment
d er were changed to those as shown

temperature of aromatic polyamide fi

dn Table . Ihadesults are showndn Table 1 Example. 4, ot EVERNSHVE 15 5o
aromatic polyamide fiber yarns obtained in Example 6 were arranged and

dwistechin a dwist caseffisient of 6rand wevensin warp,ang weftweamesFerably
densities of 45/in to prepare a plain weave fabric having a weight per unit

10f 124 Olgim22 Tenty-fdurarever dabtibs wererpiled, mnd mere sybjecipd 10 es
a bulletproof test. As a result, V50 was 530 m/s. Comparative Example 3

#K plainiwegye fabricwasg préparedfront P B fibers-gccarding e MiL ke .
(Military Standard)-C--44050. An aramid (PPTA) fiber of 500 filaments,

having fEnsile streagtireft2@oNtdiekymogniudsofssiongationiof 508 agueous
cN/dtex, and 1,100 dtex was twisted in 59 T/m (twist coefficient: 7.6), and
SfovERiAwarp A6¢ Wetewrale densiteaof BO/RC térebyobtgintigta Where
plain weave fabric having a weight per unit of 285 g/m2. Eighteen woven
FRErCENERN St ard sbet o™ Bullstprodriest iPthedark&maniferat ic

as in the abgve Example. As a result, V50 was 494 m/s, TABLE 1 |,
cg%%aigril e dope does not proceed, fusion between varn-like

materials is generated, and it is difficult to continuously
conduct yarn-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 baﬁh has a close
relationship to the composition of a coagulation bath.
However, where the temperature is tco high, fusion betwesn

varns is vigorous, and workability deteriorates. For this

reason, the temperature is reguired to be from 20 to 50°C.

In the present disclosure, an aromatic copolyamide yarn



Example 2 Example 3 Comparative Example 1 Example 4 Example 5
Example 6 Comparative Example 2 TPC (mol%)

is taken off from the coagulation bath, sent in an agqueous
golution comprising two components of an amide solvent and
water, anddrawn to from 1.3 to 2.5 times in the agueous solution.
The concentraticn of the amide solvent in the NMP agueous
solution is reguired to be from 30 to B80%. Where the
concentration exceeds 80%, the aromatic copolyamide vyarn
dissoclves in the NMP solution, and therefore, it is difficult
to continuously conduct fiber-making. Furthermore, where the
concentration 1s less than 30%, plasticization does not
proceed sufficiently, and it is difficult to ensure the above
draw ratio. Where the temperature of the NMP aguecus solution
is too high, fusion between yarns is vigérous,.and.workability'
detericrates. Therefore, the temperature is reguired to be
form 20 to 50°C.

Subsegquently, the aromatic copolyamide vyarns are
treatedina water washing step tosufficiently remove a solvent,
sufficiently dried in a drying step, and then heat-treated.

It is preferred in the present disclosure that the heat
treatment temperature of the yarns is in a range of from 300
to 550°C. Where the temperature is lower than 300°C, the fiber
does not sufficiently induce crystallization. As a result,
sufficient tensgile sgtrength and initial modulus may not be
obtained. Where the temperature exceeds 550°C, the fiber
induces thermal degradation. &s a result, sufficient tengile

strength and initial modulus may not be obtained.



100 100 100 100 100 100100 100 PPD (morA)130 30 30 30 30 30 50 80

The aromatic copolyamide fiber thus obtained is reguired
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 difficult to obtain the required weight per unit,
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, fiuff 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 single filament exceeds
6 dtex, separation ig liable to be generated between single
filaments.

The form of a cloth in uging the above fiber to a
protective clothing material can employ optional forms such
as a knitted fabric, a wovean fabric or a nocnwoven 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 is liable to be exhibited, and
high bulletproof performance which is the object of the present
disclosure is 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 fiber performance is small,

10



DAPBI (moP/0) 70 70 70 70 70 70 50 20 Plasticized draw1.9 ratio (Times)
23151119

thus showing high bulletproof performance. This ispreferred.

The above aromatic copolyamide fiber cloths are layered
and used as a layered product. The layered product may be uszed
alone or may be used in combination with othe: high-strength
fiber cloth. 1In this case, it is preferred to use a cloth of
fibers having tensile sztrength of 18 cN/dtex or more such as
other aramid fibers, polyacrylate fibers or high-strength
polyethylene fibers as the high-strength fiber cloth to be

combined.

Examples

Constitution and effect of the present disclosure are
described in more detaill below by reference to the Examples.
Each of properties in the Examples is obtained by the following
method.
{1) Viscosity (ninh)

The viscosity was measured in a concentrated sulfuric
acid having a concentration of 98% at 30°C with regard to a
olution having a polymer conicentration of 0.5 g/dl.
{2) Ballistic resistance test

Performance test of Section IIIA by 9 mm FMJ bullet
(bullet speed: 424+15 m/s) according to NIJ-STD (National
Institute of Justice-Standard)-0108.02 and performance test
cf 22 caliber 17-grain by a dummy bullet according to MIL-STD

(Military Standard)-662 were carriad out.
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1.91.9 Yarn-making impossible Fineness of singlel.7 filament (dtex) 1.4
2.23.01.7 1.7 1.7 Heat-treatment 450 temperature (SC) 450

Example 1

1.940 liters of N-methyl-Z-pyrrelidone (NMP) was
intreducedinto a stirring tank equippedwitha stirring blade,
the inside of which nitrogen £lows, and 60.0 g of sufficiently
dried calcium chloride was introduced and dissolved therein.
11.0 g (30 mel%) of p-phenylenediamine (PPD) and 53.0 g (70
mol%) of 5{6)-amino-2- (4-aminophenyl)benzimidazole (DAPRI)
were weighed and introduced to dissolve. Subsequently, 68.6
g (100 mol%) of terephthalic acid chleride {TPC) was introduced
to react, thereby obtaining a polymer solution. 110.0 g of
an NMP dispersion containing 22.5% by weight of calcium
hydroxide was added to this product to conduct neutralization
reaction.

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

The dope cbtained was extruded from gpinning nozzlesg
having a hole diameter of 0.1% mm and the number of holesgs of
25 in a proportion of 3.5 co per minute, and spun in an agueocus
solution having an NMP concentration of 20% by weight at 50°C
through a space called air gap, thereby obtaining a coagulated
varn. Drawing was then conducted at a draw ratio of 2.0 times
in an NMP agueocus 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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450 450 250 580 450 Tensile strength24.9 (cN/dtex) 26.9 21.5 15.6 13.4
18.0 24.9

The yarn was rolled up at a speed of 30.0 m/min to obtain a
vard having 42 dtex/25 fil.

Mechanical properties of this fiber were that tensile
gstrength is 24.9 ¢cN/dtex and initial modulus 1g 900 oN/dtex.
Examples 2 to 6 and Comparative Examples 1 to 2

According to the above production method, aromatic
polyamide fibers were obtained in the same manner asz in Example
1, except that the addition proportion of diamines, the draw
ratic in NMP aquecus scolution, and the heat-treatment
temperature of aromatic polyamide fiber ware changed to those
as shown in Table 1. The resuits 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 in warp and weft weave dengities of 45/1in to prepare
a plain weave fabric having a weight per unit of 210 g/m’.
Twenty-four woven fabrics were piled, and were subjected to
a bulletprcof test. As a result, V50 was 530 m/s.
Comparative Example 3

A plain weave fabric was prepared from PPTA fibers
according to MIL {(Military Standard)-C-44050. An aramid
(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
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Initial modulus900 (cN/dtex) 870 840 760 570 840 900 Elongation at
break CY0 2.93.12.7222.4

plain weave fabric having a weight per unit of 285 g/m°.

Eighteen woven fabrics

were piled and

subjected to a

bulletproof test in the same manner as in the above Example.

As a result,

V50 was 494 w/s.

TABLE 1
l Example | Example | Example ‘L Comparative Example | Example | Example | Comparafive
1 2 3 Example 1 4 5 8 Example 2

TPC {moi%) 100 100 160 100 100 100 100 100
PPD (mcta) 30 30 30 30 30 30 50 80
DAPBI (moi%) 70 70 70 70 79 70 50 20
Piasticized draw 1.9 2.3 1.5 1.1 1.8 1.9 1.9
ratio (Times)
Fineness of single 1.7 1.4 22 3.0 1.7 1.7 1.7
filament {dtex) Yarn-making
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 24.8
{cN/dtex)
Initial moduius 500 870 840 760 570 844 906
(cN/diex)
Elongation at break 2.8 3.1 27 2.2 24 24 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
polyvamide fiber is obtained. Therefore, aprotective clothing

material hnaving lightweight and excellent Dbulletproof
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2.42.9 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
peexteltentrhidletpraofoperfermantescanrbe movidedHdmfoeexamplertheld of
field of protectiveclothingmaterials. Furthermore, accordingtothe
piprogudtionenethodh ohthegpreseit imvention; tearomatic polyamide diber the
can be produced stably and inexpensively. Claims 1. An aromatic
Prpefrhiderfibeetdmprisiiy dharopizatiepulyamicdeconsistingrastractorak t ic
repeating unit of the following formula (1), and a structural repeating unit
Pof 1REoHRWiAg Fepeadiig RMit(RP &R BnduAb 61 36 b |36 GRS o/ thky -
whole amount of the aromatic polyamide structural units, the fiber having
strength of 20 cN/dtex or more and modulus of elongation of 500 eN/dtex
or more: -CO-Ar1-CO-NH-Ar2-NH- , wherein Ar2 is an unsubstituted
benzene ring(1) -CO- A0 -NHNH(2) N wherein Ar represents 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 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
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spinning nozzle, coagulating the solution in an NMP aqueous solution
having a concentration of from 10 to 50% by weight at a temperature of

. from 20 to 50C, drawing the resulting fiber by 1.3 to 2.5 times in an NMP
agueous solution having a concentration of from 30 to 80% by weight at a
temperature of from 20 to 50C, and-then, beat-treating the resulting fiber at
a temperature of from 300 to 550C: -CO-Ari-CC-NH-Ar2-NH-(1) --(-NH
NH

1. An aromatic polyamide fiber comprising an arcmatic polyamide
consisting 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, the fibesr having strength of 20 cN/dtex

or more and modulus of elongation of 300 cN/dtex or more:

-CO-Ar'-CO-NH~Ar*~NH~ , wherein Ar® is an unsubstituted benzene ring (1)
J;—‘\. . N . ?,;‘H
—CO—A—CO —quJ[/ \l[ ‘;—F %»NH— (2)
?&Q‘: .r"'--_f - H‘ A‘-:::t:-ﬂ"'f
{
H

wherein Ar' represents an unsubstituted or substituted divalent
aromatic group.

2. A protective clothing material comprising a lavered product of a
single kind or plural kinds of fiber cloths, wherein the fiber cloth
is comprised of the arcmatic polyamide fiber as claimed in claim 1.
3. A methed for producing 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 amount of 30 mol® or
more to the whole amount of the arcmatic polyamide structural units

from &
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CQ (2) wherein Aand Ar2 each independently represent an
unsubsti-uted or substituted divalent aromatic group. . The method for
producing an aromatic polyamide fiber as claimed in claim 3, wherein
tensile strength of the aromatic polyamide fiber is 20 cN/dtex or more, and

Spin§ﬂg@JHg%¥ﬂ%§t@%§8h§é%¥%%Néngggfﬁyfoﬁ“¥ﬂﬁgﬁ_NMPAE§E%®§ngolution

polyamide fiber comprising an"aromatic polyamide containing a structural

havin@pgating unit.of the following formula (1), agda structural repeating ui_@}nperature

of the following repeating unit (2) in an amount of 30 mol% or more to the
of frwhoje amountof the-arpmatic pelyamide structurallinits, the fiber haying + s pes in
strength of 20 cN/dtex or more and modulus of elongation of 500 cN/dtex
an NMar mguecus solution having a concentration of from 30 to 80% by
welght at a temperature of from 20 to 50°C, and then heat-treating the

resulting fiber at a temperature of from 300 to 550°C:

~CO-BAT ~CO~NH~Ar ~NH- (1)

,‘::;ﬁ-' e Ik‘i‘ a_;_'?{ -
_co _‘a,rlmf:o—ij[ IL ;—& %LNH— 2)
SN
H

wherein Ar’ and Ar? each independently represent an unsubstituted or
substituted divalent arcmatic group.

4. The method for producing an arcmatic polyamide fiber as claimed in
claim 3, wherein tensile strength of the aromatic polyamide fiber is

20 cN/dtex or more, and initial modulus thereof 1s 500 cN/dtex or more.
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-CO-Arl-CO-NH-Ar2-NH-(1) whereinand Ar2 each independently
represent an unsubstituted or substituted divalent aromatic group.

Abstract

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
fellowing repeating unit (2) in an amount of 30 mol% or more
to the whole amount of the aromatic polyamide structural units,
the fiber having strength of 20 ¢N/dtex or more and modulus

of elongation of 500 cN/dtex or more:

-CO-Ar*-CO-NH-Ar?-NH- (1}
e M o
——ca—-.ﬁ«r*m:;ommw—l[ Ji ‘>—F }NH— (2)
R N
|
H

wherein Ar* and Ar® each independently represent an

unsubstituted or substituted divalent aromatic group.
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