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@&deXQOQﬁﬁdustrial 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.



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.
T&RAF-ER= NI, ARENH: =GO 1ACO tMH1 heatteating. there 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



(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 (1), 4 and a structural repeating unit of the following rgpeatipg

BRIt I} iFaf ahT6ilt T8RN VR PIhe Wisle amburt bfaie des and
aromatic polyamide structural units, the fiber having strength of 20 cN/dtex

B motd Bnd W dhiiETSt &1énGaERLEES00 cN/dtex or more:

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



NH- (2) wherein Ar represents an unsubstituted or substituted

divalent aromatic group. Best Mode for Carrying Out the Disclosure 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
contiectendheongbatcantide.bondoimhe aramaticagrogp maybe a:giounhits,

having two aromatic rings bonded by oxygen, sulfur or an alkylene group.
Thesé divalehtaronyatic groupshmay centaily Adower alkyhgreupsdcmasulus
methyl group or ethyl group, a methoxy group, a halogen group such as
chlord graapy,iamd tfe ikE. cN/dtex or more; a 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 sclution
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),

4



The aromatic polyamide of the present disclosure is that an aromatic
dicarboxylic acid chloride and an aromatic 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 conventionally known compounds.
Emémgttastthdrei;vﬁatd:hlgdeﬁierémmlﬁaﬂimm@dhﬂdmﬁmat((Bl)dmler;ﬁﬁhmhaliﬁ30

th ltere th c acid d chlorid .

S O D AR AR e st ity o e
du@httﬁﬁi@@gthl i$ap hﬂ%@h@(amdlmzlamlrluztedﬁibe ¢ff elsent tiscld SOrechEeB:two

ds of aromatic diamines. One aromatic diamine is one kind selected
from substituted or unsubstituted p-aromatic diamines, and may be the
genera known diamines such as p-phenylene diamine or p-biphenylene
digrnihe ARotieralolitatic didming is brie kindselectadfromtod benzene ring (1}
substitutedorunsubstituteddiamineshavinga phenylbenzimidazole group.
Of those, 5 (6) -amino-2- (4 -amin benzimidazole is preferred
from the pojnts of easy ilahih )ﬁ{) nsile strength and initial
moctHls Pbssedsed iberlpbtaijed; dllike. Examples of the (2)
amide polar solvent used T ttie prigsent
inventionincludeN,N-dimethylformamide,
N,N-dimenthylacetamide,N-methyl-2-pyrrolidoneand
dimethylimidazolidinone. In particular, N-methyl-2-pyrrolidone is preferred .

91 §Q§£0|n§ of handlln Ero erties and stablllt during from o

olymerization of an afoma é) yHmid8 14 46 é%)}]écﬁéjrat% afdivéti tuted divalent
%nggllgglsée%,rt%glty of a harmful solvent, and the like. The aromatic
copolyamide fiber produced by the present disclosure is required to
contain structural repeating units

da



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 structural repeating unit is in a range of 50
0, I 0,

ol /R/Pﬂ%ggnf%re Where the 1coBtg‘r?gslusnleess than 30 mol%, the problem

¢t r Carryin e C L o i
arides that'a reactionr 6jlru¥|on ecomes turbid in a polymerization reaction,

and such.a turbid dope es it difficult to conduct spinning.

0t R A SO NE U dh e S Ar2 each
@g@ggﬂd%@ Jepresent an unsubstituted or substituted divalent aromatic
group. Inthepresentdiscbsure,toincreasesolubdityofthe aromatic

copolyamjige Jp, aa:RMifepolan sehratithe geasrallisknawa inorganic

salts are added in an appropriate amount before, during or. after the
ley@dg@e}g@@rﬁm B?%?ifetﬂ@ﬁﬁﬁt ieludedithium ghioride aad £AIGURL  ent
chloride. The amount of the salts added is preferably from 3 to 10% by
weighirWheredhe additionamount exceesds $0% by mwelghinit is=diffieldt to The
dissolve the whole amount of the salts in the amide polar solvent, which is
aeHaetertedOnthe:gther handowheare theadditlion asnt is lessdhatonded
3% by weight, an effect of improving solubility is deficient, which is not
prefertedoen, Aftel campletionnf the ksdetion, aceording torheed:; adasicl ent
inorganic compound such as sodium hydroxide, potassium hydroxide,

salcivat hyd roxide smegiciiom oxide s dAdded te Condlugt negtralizatiors methyl
reaction. The concentration of a polymer formed in the polymerization
feeetion to assoEntdsdmiporeantstdiehtzirga famogerfRals iy mspup such
having high degree of polymerization, 10% by weight or less is preferred

8% aoneERtratiohBf agislyraBefokied - Particularly, a range of from 3 to

8% is advantageous to obtain a stable polymer. En the present disclosure,

the arom&tit ¥opNaREYspeliderirseRdiciassdfithg liquid to

obtain a coagulated yarn. The coagulating liquid in the present disclosure |
RGBSRt Of S AHB0S S61 o Lo ARG MG CHbORENE of i - =nine
ar}]éade solvggt@%nd.water. The.aégide Cssqlvent |Ss B[%I;%Lab% cording to the
Rl-metﬁﬁiaz-pyrroli%i%né_’L frofi thé poiﬁts oé’}]ﬁancﬁlng prbperﬁes, s?éblﬁty,

toxjciny of | solveat fogane ped Df congentration atthe. 4 o,
aréjli%iegso%vegr]{";f‘?%‘gD t e%%eouﬁ%o utionlﬁongcessary torge ?%%1 10 tg 50})%1011
by weight+\Wherg the:copeentiafion exceeds:%044.4oagulation AfRe present
aromatic copolyamide dope does not proceed, fusion between yarn-like
materiale ingenarrteshvanddids difficult towegoiindauBkaagreuct

yarn-making. Furthermore, where the concentration is less than 10%,
plasticization dogsdatqyoceed-sisffigienths and drawing properties ahtheride,
time of the drawing subsequently conducted deteriorate, which is not
preferied:ot = r&hptiRAiperature af d@ teagdatier bath-Rascagoserephthalic
relationship to the composition of a coagulation bath. However, where the
temiperatdreds toa high, fusion betwiesnayrayisiisceigorowsg] and warkabilityide,
deteriorates. For this reason, the temperature is required to be from 20 to

806 .-ncthé presemtaisclostre: an Bromatid copolybmideiyapmd 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



is taken off from the coagulation bath, sent in an agqueous solution

comprising two components of an amide solvent and water, and drawn to
from 1.3 to 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

80%. Where the concentration exceeds 80%, the aromatic copolyamide

KR dissoies mthe N P SoitiBReant fittefdre iR Qlifisulk to1phenylene
continuously conduct fiber-making. Furthermore, where the_concentration

3¢ 15 Ran 309 PSR ETBH doss ABEAIBcésd Suffididty, ShtRfissd from

difficult to ensure the above draw ratio. Where the temperature of the

BLAqUESS soltion is tB0HIGH fuibnetwedhyamE fSvigordé -58d @

%rkaggjiéy deterigrate . Therefore, the temperature is requirgd to be fgﬁgn
fo's0C 2" u%%géﬁently, thePardnatic copolyamide ya? s are treated” -

5] @‘g%tln%r‘{é?esg'ﬁ g%ehr%ﬁgﬁsgﬂ%egﬁg%en@%‘é& solvent, sufficiently dried:
dispteredintepn;sentdisdasmeafibghem.eaiment lemperpiure.afing .,
yarns is in a range of from 300 to 550C. Where the temperature Is lower

dhen 300G qthe dbet doesnatsullicienyis ndyge.coystallzation A  fesulty; .
sufficient tensile strength and initial médulus may not be obtained. Where

the temperatyre gxseeds 550G dbefiberindugesthermal degradation Asen
a result, sufficient tensile strength and initial modulus may not be
iobtainedon  The aromaticieerolyamide fiber thus-ebtaiaed js requitesh de
to have tensile strength of 20 cN/dtex or more and initial modulus of 500
eNYdtexenTinge.a ce t B fiseness ofthadibirin-thecase of Usimgthe  and
fiber in a protective clothing material is preferably in a range of from 200 to

dli, #ed died W/ hemcthedinemess is less than 200 dtelk; it is difficultapmbtaibhar,
the required weight per unit, which is not preferred. The fineness of a

I$iigié fitdmenrigprefetalsipdrorh 0. o Bfatex e here tine finkRespdsfess of
than 0.5 dtex, fluff is generated due to broken single filament in the case

st RV PAITEP ReRl Ry Rbrk - aifficuitc DriitelsiHef RaRdPRRERS Hezation
fineness of a single filament exceeds 6 dtex, separation is liable to be

Yttt Botwse R UnGIE ke AtSoPe PRERIHFOILEIGR th{Ring @ ing
above fiber to a protective clothing.material can emplpy optional forms
ATAOSS e b

L08R as-E kAt ablic % WAVE Oor T RGAWD ic-Wifen the
f [ fabric, th tive fib di
orm s @H&Oc\ié%m%b{'zfct c%é%?nf%n{l’%é Ef]t’%%ee arranged g %%?%gerf?%gresent

direction and one weft directio S aresu erformance

e A A0 gt

etpr %f’ f-ggmance which is the
object o resent disclosure iIs Ieér?o%ea%ﬁﬁéved.

durthenrembeiormetbweaving strugtyre ds, lablesto hesmainigingd: andy ong

the texture is difficult to open. Therefore, the fibers do not shift by landing
asbuliefithereor,rand toss effiherperformaneeds si@llunitc of the formula
thusshowinghighbulletproofperformance. Thisispreferred. The above
aromaticcespolyarsige: ibercloths.ate layesed apd vsed amadayesethe whole
product. The layered product maybe used alone or may be used in
agombinationbwith otherchigh-sirength éiber Tloth pin<this:casd, ddapeefereet] the
to use a cloth of fibers having tensile strength of 18 cN/dtex or more such
ssrotheparmidfibers, ipgyacrylate fibérs er highstrengtrbpolyettylene moxre .
fibers as the high-strength fiber cloth to be combined. Examples
enstitthienapaefiacAisithepresermdistiosarédre descrised remerel detail-hat
below by reference to the Examples. Each of properties in the Examples

ds dIﬂéiﬁEél%}/ tlﬁ’ﬁfhﬁ@m mERedes turbid in a polymerization

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



(1) Viscosity (inh) The viscosity was measured in a concentrated
sulfuric acid having a concentration of 98% at 30C with regard to a
solution having a polymer concentration of 0.5 g/dl. (2) Ballistic resistance
test Performance test of Section IlIA by 9 mm FMJ bullet (bullet
speed: 42415 m/s) according to NIJ-STD (National Institute of
JHstice-S¥andard)-0108.02 and performance test of 22 caliber 17-grain by
a dummy bullet accogdilglg to MIL-STD (Military Standard)-662 were
EgﬂfékdfoDEOE&Tgﬁr%ﬁ'l ~ 1.940 liters of N-methyl-2-p frélidone (NMP)
was introduced into a stirring tank equipped with a stirring blade, the
inside of which nitrogen fl an¢i60.0 ufficiently dried calcium
chlerigle weis iptroduged and d| solvg_d_f;g' iflQg (3 2r)nol<_’/o) of
p-phenylenediamine (P a -5§f'0 gl( 1%) of 5 (6) -amino-2-
(4-aminophenyl) benzimidazole (DAPBI) were weighed and introduced to
dissolve. Subsequently, 68.6 g (160 mol%) of terephthalic acid chloride

1BEA yyas inedugedsto react, thereby qbiaining,a polymer Sﬁé%ent an
110.0 g of an NMP dispersion containing 22.5% by weight of calcium

hydipxdde wasadded to:thisaredugkiotopducthreyltalization r?%%?:
rom the

Viscosity (inn) measured with regard to a polymer precipitated
polymensalytinesahi@inesdvas Giflerease J&&b@@@%?h{@ined was extruded

from spinning nozzles having a hole diameter ot 0.15 mm and the number
afbolesiof 2o praprepaiiionohd.5et Perpinute, ssldyepitn, itha generally
agueous solution having an NMP concentration of 30% by weight at 50C
¥roughi aspaece calledldie gap; thiteby obtaininga ceagulatedyarmt before,
Drawing was then conducted at a draw ratio of 2.0 times in an NMP

Adquedds Solulc-Raviig e CoNCENERHGT O 70% at Bremperaturd oft38C.salt
After drawing, the yarn was washed with water, dried and then

heat-tiegtéd aha Enfetakirddof4BbCaThée Yarfwasofied uFaeaaspesat of
of 30.0 m/min to obtain a yard having 42 dtex/25 fil. Mechanical )
propéRies DR b ervere it #hsilefstiihgthis 240 Rt gRdFinitidinere
modulys is 900 cN/dtex. Examples 2 to 6. and Comparatjve Examples 1 to

2% S dkbrciy e KoSE FT8duCHh Tetod Safomatic polyamdRc L ® t0

fbersere dbiainedin the same.mannerge in Example 1 exceptiat the
addition proportion of diamines, the draw tatio in P aqueous solution,

apdjhe heardreatment [smperature of aromatic. palyamide fipa‘%;(&"e[@fmere the

changed fo those as shown in Table 1. The results are shown in Table 1

Exampled amdwenty-five atamaticpolyamide fibgr yasns obtainedif. .« ¢
Example 6 were arranged and twisted in a twist coefficient of 6, and

WRVesia Meara andiyeft weave densities-o{45/inko prepaseaplaj weave g .
fabric having a weight per unit of 210 g/m2. Twenty-four woven fabrics

were piladrand ywere subjested to ehbulleiproot tast. AsadestcgVbo wasd, a
530 m/s. Comparative Example 3
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,



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 oN/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
Pidin‘wedie fEBfic Havitgss welg pef BRIDE 285 Gm2oERfHéaT Wovanot a
1f?;'(i%lirics were piled and subjected to a bulletproof test in the same manner

HHfié ahovd B ample-“Ad SHeadit XisPwas a8 nmd. FABIE 1 Fo 8% is
agi%{nrple 1 Example 2‘E3<aonIe 3 Comparative Example 1 Example 4

Xamé:lggeous vO obtaln a stable polyvmer.

In the present disclosure, the aromatic copolyamide dope
is extruded ina coagulating liquid toobtain a coagulated yarn.
The coagulating liquid in the present disclosure is comprised
of an agueous solution comprising two components of an amide
solvent and water. The amide solvent i1is preferably
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
gsolution is necessary to be from 10 to _507% 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 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 bath has a close
relationship to the composition of a coagulation bath.
However, where the temperature is tco high, fusion betwesn
yafns 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



5 Example 6 Comparative Example 2 TPC (mol%) 100 100 100 100 100
100100 100 PPD (morA)130 30 30

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.



30 30 30 50 80 DAPBI (moP/0) 70 70 70 70 70 70 50 20 Plasticized
draw1.9 ratio (Times)

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



2.31.51.11.91.91.9 Yarn-making impossible Fineness of singlel1.7
filament (dtex) 1.4 2.23.01.7 1.7 1.7

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.

11



Heat-treatment 450 temperature (SC) 450 450 450 250 580 450 Tensile
strength24.9 (cN/dtex) 26.9 21.5 15.6 13.4 18.0 '

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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24.9 Initial modulus900 (cN/dtex) 870 840 760 570 840 900 Elongation
at break CYO0 2.93.12.72.2

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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2.4 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
plexeellentbedletpseof i perfermance Lambegiraviged-ingfor examples theg /m? .
field of protectiveclothingmaterials. Furthermore, accordingtothe
B igiodeaction wetkod of the presenténvention] the aromiaticpolyamidelfiber a
can be produced stably and inexpensively. Claims 1. An aromatic
bugdlgdmicectibéresomprisinhears arsmatic pelyaaride tonbistingevstrietama L < .
repeating unit of the following formula (1), and a structural repeating unit
Asofth&g6lloling Yepeatm®y drit:(234% 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 eN/dtex
or more: -CO-Ar1-CO-NH-Ar2-NH- , wherein Ar2 is an unsubstituted
benzene ring(1) -CO- AO -NHNH?%%@VH&%rein 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 fibeegleths, wherein B‘hﬁgﬂ)FkﬁlﬂHﬂaﬁS&c mprised ohihe AERMALC comparative

polyamide fiber as claimed in ctaim|1. e3xAismethod4or producing am Example 2

TPC {@toiNatic polyamide fiben, ¢ )mpuﬁsidg extrading an asomaticopolyamide 100
solution containing g structural repeating unit ofithe following formula (1),

PPD (@nitha structurabrepeatinng unit ef the following repeating unit (2)iin an 80
amount of 30 mol% or more to the whole amount of the laromatic

DAPBholyamide struttural uriits from7a 79 70 70 50 20

Piasticized draw 1.8 2.3 1.5 i1 1.9 1.9 1.9

ratio (Times)

Fineness of single 1.7 1.4 22 3.0 1.7 1.7 1.7

filament {diex} 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 800 870 840 760 570 840 900

(cN/diex)

Elongation af break 2.8 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
polyvamide fiber is obtained. Therefore, aprotective clothing

material hnaving lightweight and excellent Dbulletproof
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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 heat-treating the resulting fiber at
pexrtempentwe ohfrom=300-t0.55 -CO-AFGC-MEARZ-NH-(he--ENH d of
NH
protective clothing materials. Furthermore, according to the

production method of the present invention, the aromatic

polyamide fiber can be produced stably and inexpensively.
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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

initial modulus thereof is 500 oN/dtex.or.jmore. 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 following repeating unit (2) in an amount of 30 mol% or more to the
1.  mwhole-amotnt ofthearematic pelyamidesstructyrahynitsnthe fibhes havingo 1 vamide

strength of 20 cN/dtex or more and modulus of elongation of 500 cN/dtex
consiertmorea-COAM-CO-NHAr2NH4(2)y 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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whereinand Ar2 each independently represent an unsubstituted or
substituted divalent aromatic group.

spinning nozzle, coagulating the solution in an NMP aquecus sclution
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 aguecus 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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