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BOLYBENZAZOLE COVPCSI TI ONS, AND FI BERS AND FI LM5 MADE THEREFOE 5 FI L

THE |1 NVENTI ON The present invention relates to a highly durabMWMMWWWﬁﬂmmm
ppl ybenzazol e conposition containing a stabilizing agent for

excel l ent storage stability to pol ybenzazole, 10 and fibers and fur58* nmade
of the pol ybenzazol e conposition, and the use thereof. BACKGROUND OF THE

| NVENTI ON As hi gh heat resistant and high strength fibers, tgﬁm“mmm“mmmm
known fibers nade of polybenzoxazolﬁEéEEg% gﬁlybenzinidazol

pol ybenzot hi azol e (PBT) (hereinafte Fé to as pol ybenzazol a}eo2+
Ceneral |l y, pol ybenzazole fibers are manufactured by spinning a dope of a
liquid crystalline polynmer in a 20 mneral acid as a solvent. The pol yner
dope is extruded through BOSPRPENéREOLEan@MPREIF&QNFt aADf i | anents are
washed with water so as t ] e N t he bath
containing water. In thi SQFV\I/?S%%?H?‘I\IS[% gﬁLﬂﬂyﬁﬁ g%e%ésﬁafe t hor oughl y washed
with water, and allowed to pass through a 25 bath containi ng an agueous

solution of an inorganic basic_conpound such _as_sodi um hydroxi de or the
like to thereby neutralize théﬁﬂéﬁgﬂﬁidﬁﬁhﬂﬁﬁﬁaﬂﬂéﬁid whi ch has not been
extract ed fro”‘t@ﬁefbkéEEHESin@@ﬁ@ﬁo%hﬁéia$?$ Ebl greRLE ] 9r auagel R washed.

It is very inportant”to I npregnate the 30 anents with the basic conmpound
until the ipbéyhahzgondet compoeftibe £phamenisgareshebttakingdag@héen the

conditions of water shing and the ampunt o he.lnor gani r 2 _basic
Conmpound {085 SUBELCHANGECFoF 2B bnE P A5 -2 Pho: Ft G naP L¢BRAFEZGNS" of
the fibamengsdbecwaesaghdi €i0nsbashe. okf thhepplppeakaaeild eempbBstiong he
pol ybenzazol e filanents which are insufficiently neutralized, such 5

pol ybenzazofBdf Fhaneaestheracfe degrade in tensile strength, when exposed
to an atnosphere of high tenperature and high humdity over a | ong period

of tine.
BACKGROUND OF THE INVENTION

As high heat resistant and high strength fibers, there
15 are known fibers made of polybenzoxazole (PBRO),
polybenzimidazole (PRI} or polybenzothiazole (PBT)
{(hereinafter referred to as polybenzazole).
Generally, polybenzazole fibers are manufactured by
spinning a dope of a liquid crystalline polymer in a
20 mineral acid as a solvent. The polymer dope is extruded
through a spinneret, and the resultant filaments are washed
with water so as to extract the mineral acid into the bath
containing water. In this washing step, the filaments are
thoroughly washed with water, and allowed to pass through a
25 bath containing an aqueous sclution of an inorganic basic
compound such as sodium hydroxide or the like to thereby
neutralize the remaining mineral acid which has not been
extracted from the filaments. After that, the filaments
are again washed. It is very important to impregnate the
30 filaments with the basic compound until the internal
conditions of the filaments are neutralized. When the

conditions of water washing and the amount of the inorganic



Under these circunstances, there are demands for pol ybenzazole fibers and
filnms which show | ess decrease in 10 strength when exposed to atnospheres
of high tenperatures and high hum dity over |ong periods of tine, even
though the pol ybenzazole fibers and filnms contain mneral acids which are
insufficiently neutralized for some reasan to remain in the fibers and
films. An object of the present 15 invention is therefore to provide

pol ybenzazol e whi ch shows | ess decrease ir~ strength. BRI EF DESCRI PTI ON COF

THE DRAW NGS Flg 1 shows a schematii c dh gﬁan1of an_ap Earatus foL 20
measuring t RESXCr §YMBPPPFalli B 8FI5% CRARERt TORAEP™S CEASPBA, EP§. 2 shows
a graph for jgyakpati egnaagleﬁlsf oW dhB Faghees tcHMekonkl dcidishews pasdkaph
for indicating changes of 25 nolecular orientation (<sin ~>). Fig. 4 shows
a schematic di agidm-bf aihieghlt erper aemRanabrasitbs pestveengsedlror the
measur enent ion.r 5| tan = o] Ghermmt i agram of a
cheese dyelngaﬁﬁ8 %aW§ ﬁg. ? ﬁ%ugré%ﬁﬁggﬁgnﬁﬁgiag %ggfe%ggbo an
abradi Bg mapeniyBkhz2zolle &iheaktéts 3entiotd we@gbae 4n tenaimet etrehgth, 3
to a sanple holder; 6, to a sanple; 7, to treating bath; 8, to a
treatment | WHGRAEXDOSEE &Ondh- éFW@épﬁéﬁﬁoﬁﬁdhﬁébnteTBerﬁéuéewépérhﬁ@Pweable
por ous bobthmla}tytgnge cqgn%L t.he Jpobki n;; and 12, to a treatnent

| i quid-circulating punp 8SURE OF THE | NVENTI ON The present

i nventors have |Hnéa$|vebyereseaumbedncnsord@erEOageldemané5f60590|ng

probl ens, and.fjnall Ilshed t rese enti.on 0 That is, the
present |nvgﬁéybﬁnﬁﬁg9ﬁ ﬁésfépﬁo%|&§ lﬁhpgﬁﬁﬁéﬁféfoégcégﬁﬁgsﬁplon
cont aippi ng @t@éﬁgﬁhSWHéha@mﬁos%d Aop@kma@@h@&@beo@Oﬁn@@Itb@@eaﬁﬁq&@eng to

t he above paragraph 1, ich the basic substance is an organic 15
conpound. 3aNA péByhEHFASAIY ERBod PR SECOSEdPAY Ty he VaBoFE OpaPagr aph
Lo in whi ch ae Bashensubshanee ls.-an arganis campayndysglubhe jchuater: or
a hydrophlllc sb polybenzazole conposition according to the
above 20 pawadraphrg, 1mBuWﬁuchehhéybasmarﬁub$Edn¢er|sogelee@e@nfm@n1the
group consi sti ng of guani tria oles al i nes peridine

ani | i nes, FW&gﬁeéna g %éﬁ&FIC ang §1m§ A éﬁ?ﬁfa?gl i BEFSESpri si ng

a po'ﬁ@enzalﬁb%ntlon is therefore to provide polybenzazole which shows

less decrease in strength.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic diagram of an apparatus for
20 measuring the X-ray diffraction of a filament under a
tension.

Fig. 2 shows a graph for evaluating the half width
factors (Hws).

Fig. 3 shows a graph for indicating changes of

25 molecular orientation (<sin®¢>).

Fig. 4 shows a schematic diagram of a high temperature
abrasion tester used for the measurement of abrasion
resistance.

Fig. 5 shows a schematic diagram of a cheese dyeing

30 apparatus.
In the drawings, numeral 1 refers to an abrading

material; 2, to a heater; 3, to a weight; 4, to a motor; 5,



conposi tion according to the above paragraph 1. 25 6. A polybenzazole film
conprising a pol ybenzazol e conposition according to the above paragraph 1.
7. A pol ybenzazol e fiber according to the above paragraph 5, which contains
g, basic organic conpound in the formof a nononmer or a condensate. 30 8. A
pol ybenzazol e fi ber according to the abowge paragraph 5, which contains a
basi ¢ organi ¢ conpound sel ected fromthe group consisting of

p- phenyl enedi am ne, t 4 mphenyl enedi am ne and a m xture thereof, in the

formof a nononmer or_ a condensate. 9. A polybenzazole fjber according to
the above p&?afr aphCse ?ﬁl&ﬁFéh thEOxéragmﬂi?rdigntai?fFﬁé?FbﬂghEF%ﬁs wi dt h
factor is Og3/{&Fa;0f LeESendO114upQt ybenzazgl gohilbel cachaydbngdt 9athe above
paragraph 5, in which the elasticity decrement Er attributed to change of
nmol ecul ar otPentat & owater 3peGRaabiel| pgsougObakbinm pblybenzazel eabi dér

i bor 151 CBR GPORDY6. 243, T pbf yhehbasoP e 1 DER bicor HLRG Eo Fha MBove

paragrgph 5, which is a staple fiber. 15 13. A pol ybenzazol e spun yarn
conprising a polybenzazole fiber accordiga to the above paragraph 5. 14. A
pol ybenzazol e woven or knitPEACEABYRE eBnpHESINYENTAANybenzazol e fi ber
according to theraho o] SnadePohybsozozel e tebl -ERLEr i 4l
conprising a 20 E% y%gﬁggéglgﬂ??%g?r%ccgfging to the gbgve pgragraph 5. 16.
A pol ybenzagotlercbopsesive theefdakgodnprbsdhyemspobybefizazoly fi ber
according to the above paragraph 5, 17. A polybenzazole cord conprising a
poIybenzazo?gc?WBz?sgﬁéoﬁé?n@r Be?heIQBSQE?BQragraph 5. 25 18. A

pol ybgpzazol e rognhgenpsi Stne Bregbybenzazgateohi bervaasesr dhagrbolbhengbove
paragraph 5. 19. A pol ybenzazole fibrous sheet for relnforC|ng cenent and
9

concrete, said shéetAchbaprbsnngzalporybeasazéPe £PhEpiAéRErdi AGSE6 t he
above paragggggtg c 0 20. A polybenzazole fibrous sheet for reinforcing
cenment and concre?e,'according to the above paragraph 19, in which the
br eaki ng strengt h2of Aspbtlysbeetzode50ckgbeitopn according to the above

paragraph 1, in which the basic substance is an organic
15 compound.

3. A polybenzazole composition according to the above
paragraph 1, in which the basic substance is an organic
compound soluble in water or a hydrophilic solvent.

4., A polybenzazole composition acccrding to the above

20 paragraph 1, in which the basic substance is selected from
the group consisting of guanidines, triazoles, quinazolines,
piperidines, anilines, pyridines and cyanuric acids.

5. A polybenzazole fiber comprising a polybenzazole
composition according to the above paragraph 1.

25 6. A polybenzazole film comprising a polybenzazole
composition according to the above paragraph 1.

7. A polybenzazole fiber according to the above
paragraph 5, which contains a basic organic compound in the
form of a monomer or a condensate.

30 8. A polybenzazole fiber according to the above
paragraph 5, which contains a basic organic compound

selected from the group consisting of p-phenylenediamine,



.1 5 nore. 21. A h-gh strength fiber conprising a polybenzazole fiber
according to the above paragraph 5. 22. A knife proof vest conprising a
pol ybenzazole 5 fi ber according to the above paragraph 5. 23. A bullet

py oof vest conprising a polybenzazole fiber according to the above
paragraph 5. Hereinafter, the present inwention will be described in nore
detail. 10 Exanples of the guanidiens to be used in the present invention
i ncl ude am noguani di ne bi carbonate, 1, 3-bis(2 benzot hi azol yl ) guani di ne,

1, 3-di phenyl guani di.ne, 1, 3-di (otal uyl).guani di ne, 1,2, 3-triphenyl guani di ne
and the |1 kB PERRYHPEECIFTERE APPaZold TRl GAETS5E2. Apdrey TFTact o
met hyl phenylhbenzet prazol-eng3namiao- 1, 2, 4-tri azole, 2-[2

hydr oxy-3-(3, 4,5, 6-tetrahydropht hal i m de-nmethyl)-5
met hyl phenyl | benz8tr Papellegbenzazole fiber according to the above

2-(3,5-di -1 grt_;butyl +2hydr gxyphenyl) enzof riagole and Lhe like  Exqupl es

of the quing?oﬁﬁn i n¢l ude "gqui'na i ne-Z;/4-dironé “and "t he Tike. anpl es

of thecpi peyiidi-nesai-pehude pi.peyafinsrapdsthe |ike. Exanples of the
anilines include anililne, o-hydroxyanyline, o-phenoxyaniline,
p- hydr oxyani | i nelénd2t pe llyibkezaExarplfédbeaf acherpynigditreshienelwde pyri di ne

and the |ike. Exang%eg of. thg.c§an5riclacid anléde isoc%aguric acid and
the |ike. 2B%E&&RH2 hed8 BASFE 6FGafit@SCoMpddndEhayebe Gded al one or in
conbi nat i onatthepbarednt cobnbiigebasi aocakgan=¢ cenpeotrd it he addeta 0. 01

to 20% preferably 0.1 to 100. The basic organic conmpounds to be used in
the present lef¥ention are not linted to the above conpounds. 30 The

pol ybenzazol o 1 ehrr gd, b, Ln.bhs desant,l BeRLOR § 2l keagiowane pol ymer

sel ected fromthe grou si sting of polybenzoxaz

pol ybenzot hipazakeapBBF) andwhiGhpahgbéemziakidaz elte chiBBh) o fl nhiehd ipresast
i nvention, PBQ_.is a polynmer containing an oxazole ring bonded to an
aromatic gr&uﬁPﬁhpéh%P§enot necessarily a benzene ring. Exanples of PBO

include a wide rangenoboRQei®hS c8ac ¥ 18k WRlceh ra 16l $8% apdRid of a
plurality of oxazole rings bonded to poly(phenyl er _ebenzobi soxazol e) and
aromati c gr ®@F&9IrsShi [Par Wp1chBT safd spPBPligavé Lgfal ogous structures as above.

o o ol ARG LU0 PelganaC copol yer s o
of PBO and BBIvyaerdzarzoPBl fiked according to the above paragraph 5.
14, A polybenzazole woven or knitted fabric comprising
a polybenzazole fiber according to the above paragraph 5.
15. A polybenzazole felt material comprising a
20 polybenzazole fiber according to the above paragraph 5.
16. A polybenzazole composite material comprising a
polybenzazole fiber according to the above paragraph 5.
17. A polybenzazole cord comprising a polybenzazole
fiber according to the above paragraph 5.
25 18. A polybenzazole rod comprising a polybenzazole
fiber according to the above paragraph 5.
19. A polybenzazole fibrous sheet for reinforcing
cement and concrete, said sheet comprising a polybenzazole
fiber according to the above paragraph 5.
30 20. A polybenzazole fibrous sheet for reinforcing
cement and concrete, according to the above paragraph 19,

in which the breaking strength of said sheet is 50 kg/cm or



bl ock or random copol ynmers of PBO, PBT and PBI. Preferably, the

pol ybenzazole is a lyotropic liquid crystal polynmer which forns a |iquid
crystal in a mneral acid at a specified concentration, and pol ybenzoxazol e
igs preferred 15 in the present invention. Preferably, the structural unit
contained in a PBZ polynmer is selected fromlyotropic |liquid crystal

pol ynmers. The nononer unit contained in the polynmer is selected fromthe
nononer units represented by the following fornmulas (a) 20 to (i) 7 (a) |
/' 0~/ (b)) N, ~~~/ (¢c) sSN~s () ~s~~N~1 N~1 (e) HHOS\ (h)
NHHN~/TPe.~ N~ ~ (i) NHA solution of a pol ybenzazol e pol yner

(hereinafter refenred 0 gs s%r%;i’l'g%r}‘ierf.i‘ﬂ)%&e)coin@éif';%%gli I Y HARHEE A1 e

pol ymeri zi ng a pol ybenzazZol e pol yner in an aci vent. "The solvent to
be used i s pribker allop ralimonéwalthaciathosec paasgraghl furi ¢ aci d,
met hanesul foni c gaid or, hos ori% acid, .and the s preferable is

i

| ,
pol yphosphoric a d,ATﬁ@H%8%§§ﬁP at’ieSh GPTPRE S38%y Fe POy G 3FGd€ is 1 to

300, preeferabbyrl at@o2@Ang Rot R eP@SRRE PaPueitaio®n,5 sui t abl e pol ymers or 10
copol ynmers and dopes are prepared by any of known nethods, described, for

exanpl e, in U.S. 2Pat énouNget4 p333 6973 sify CAFIoié séndala. POAYEESIZaE.01E985) ,

U S. Patent A TT A S rt al_. er 22, 1988), U.S.
Pat ent No. fwgef,g%féggé%§§¥ %E%saP?&Fy%ffggﬁg%ﬁ) dnd U. S. Patent No.
5,089, 591 by G egeryietafaler,( Fekr paryehd, i1922).1icho wSUM R, desIitakl e

pol ynmer or copolyner is reacted in a solution of a non-oxidizing and
dehydr at i ng *BcP@Tep{ietaildi-ng the 5 tenperature stepwise or at a given rate

Wi thine range okxahpuls6@E 0 akRUNL 1230 MY §eStislld NG, 3R $healdg at
hi gh speeds under a non-oxidizing atnosphere. The dope thus prepared is
ext ruded t hdoyegit ianspingdedst arame gulaa el tey Hilgns bane tdravin 3-trig (2T an air

pat ent 11 1 PAT ARG AREC0YS) SHATGRL RS, 5 1054780 L HE GRS i doTHrS havi ng

passed t hr oggh utyhe gepnidenet, enten-ardpaee etwean ihke aspi ner ati kand a
washi ng bath. This space is generally called an air gap, but is 15 not
al ways char §&@™wiles &F ahe tid aze lgseded e idn (2rkydiroxy=>5-

15 methylphenyl)benzotriazole, 3-amino-1,2,4-triazole, 2-[2-
hydroxy-3-1(3,4,5,6-tetrahydrophthalimide-methyl)-5-
methylphenyl]benzotriazole, 2-(3,5-di-tert.-butyl-2-
hydroxyphenyl)benzotriazole and the like. Examples of the
quinazolines include quinazoline-2,4-dione and the like.

20 Examples of the piperidines include piperadine and the like.
Examples of the anilines include anililne, o-hydroxyanyline,
o-phenoxyaniline, p-hydroxyaniline and the like. Examples
of the pyridines include pyridine and the like. Examples
of the cyanuric acid include isocyanuric acid and the like.

25 Each of these basic organic compounds may be used
alone or in combination. The amount of the basic organic
compound to be added is 0.01 to 20%, preferably 0.1 to 10%.

The basic organic compounds to be used in the present
invention are not limited to the above compounds.

30 The polybenzazole referred to in the present invention
i1s at least one polymer selected from the group consisting

of polybenzoxazole (PBO), polybenzothiazole (PBT) and



space with a nmedi um whi ch does not act to renove the solvent and which is
non-reactive with the dope, such as an air, nitrogen, argon, helium carbon
dioxide or the like. The resultant filaments are washed to renove a part of
20 the solvent so as to avoid excessive elongation thereof. The filanents
are further washed and neutralized with g suitable inorganic basic

subst ance such as sodi um hydroxide or the like, and then further washed.
Most of the solvent was renoved by this step. The washing herein referred
to 25 nmeans that the fibers or filaments are allowed to contact a liquid
which is coRpavPBnéiniepzehe nPRétal ABi 8hdi BEEEENAgLRHENEdPRheRBAZd15e

amve the Aehd LB hent FESh L He fopas A al Shbt BRI aC alhl RGP QRS et er

or a 30 m xtupepoivhwahedl sandtancaekdasblyent beanche used. PEghepabkypft he

filaments are _so shed that the concentration of the residual mneral acid
can be 8,00838pﬁpg?§g8ralﬁﬁéﬁ,rﬁ69§ B%e?@ﬁﬁﬁ?§55?6€6 BSHWBFCﬁower. Af t er

that, the fbbﬁ?@@%%saé?uﬁﬁtegf hegt uikreat edoandxuound, rasqteguihped. +50 form
afilm typically, a viscous polynmer dope may 5 be extrudéd onto a rotary
drumto forppai (Dheaxlanebehenbédokpkmleasatddserpibedicnggdogpskat ent No.
4,487,735. This.fi i ube-l i xtruded.and is_blown on_or _pushed in a
mandr 1 to PRBEBY BT abPAl FoCoF Fantay e AR A ReR L Che P PP ee Shr g ed i
wat er to bersehpdeti ed. tibusolt/bensakblel@uitharcanchadtomarduréBe &indm may
be further washed to renove the solvent. The nethod of preparing a

pol ybenzazoFEPE&MBEBEFt PENPEPCENBOpYBEERAL Of nY WAL PENTOFR BPRhEPSREPES St he

met hodgof cpRt ghBk-Bg thenabove:iRagi-essubsbancenbnpRe! ¥hanNeazeke i 5,45 not
particularly Iimted. The basic substance nay be contained in pol ybenzazol e
during the pobygkeprzathdnmofopolyhbenzardl @R0duPBiigatibe PRdshi Rgedkribeé ydope,
before the gkéina OL t he f;lanents or during.thedpost-gr cesiin% of the
filanents. t BPaBP§ 266°a8d the HESIFECRBabstaHted26 7 dGF PrigPPRe™= T

pol ymeri zat iyancaf rpehybenzagalia, cthetbasie subshapree bsisi AWl kaneously
added with the starting materials; the basic substance is added at an
optional poPRECEfiefneCHGENRgaERhENr eaBEi BALXRENECKREOLENPEr REGEETIT§Tbei ng

i ncreased stgpw,se L+ @ rate; or the 25 basic substance is
addedggfterE?héh%oﬁgﬁgg%gnlgggﬁﬁge%élynerization. Preferably, to add the
basi ¢ substance @urifagabhg, wabhi ngroftuiheldopetocob&bonedt he dr PBAg of the
filanments, thﬁ basi ¢ subitancg .S dhisolved.in water, or a_h droehilic
organi ¢ sol P8AY™AndSt REL86hEY fTPENEXPS 8P 4 ééqFFFnFF¥SE?5p88 YRSt e
resul tant sohut heAomPretigkabkynthonaddihhenbagbe yaubstange1dakicag ri-be

post - processing step at which the dope, the filaments or the filmhas had a
solid 10 §PPUBPUPBErt HB1bASFEPSaBESPAREePYs RSSOl veH NG A0sBINast (3and a
nulti%blanegg,( gqple fiber or fabric is dipped in the resultant solution,
and then is washed with a suitable solvent to renove the solvent of the
solution. 5 Such multifilanment, staple or fabric can contain a sufficient
anount of the basic substance when dipped in the solution for any nunber of
seconds not shorter than 0.1 second, preferably not shorter than 10
seconds. Further, two or nore basic substances nmay be sinultaneously added



10 thereto. After washing with water, the nultifilanent, staple or fabric
is dried usually at a tenperature of 300C or lower to thereby fix the basic
substance therein. The tensile strength retention of the multifilament,
staple or fabric 15 after undergoing the heat treatnment is 80 or nore of
the tensile strength of a pol ybenzazol e npl ded form which contains no basic
substance, and thus, it is known that the adverse influence of the heat
treatment on the pol ymer gl m | tIe The g¢hyem cal conditions or actions

of the basic substance<n i D e not been clearly known. However,
the foll ow ng are sinply supfosea: no ure in an atnosphere of high
tenperature and high humdity infiltrates the pol ybenzazole fibers or the
film so that 25 the regiduainywiaergl~—aetd is dissociated by the noisture
to rel ease protons, whi ) ap ngii%y t he Wasi ¢ substance to maintain
the reaction systemin & neltral™ state, to thereby prevent a decrease in
the strength of the fibers og the film, This idea, however, does not
restrict the 30 preseﬁﬁan P » way. (Fhe following nethod is
recomrended for the manufacts g of pol ybenzazol e fi bers. 11 The

filaments resulting fromthe spinning are washed to renove a part of the
solvent so as to avoid ' el g ton thgreof. The filanents are
further washed and neut W i tabl e i norgani c base such as

sodi um 5 hydr oxi de, calﬁtﬂnhydﬁbxide, pot assi um hydroxi de or the like to

t hereby renove nost 9;4%23E;:;Eé§%fﬂ§§§§“ashiQ% herein referred to neans
that the fibers or fila e to contact a liquid which is
compatible with the 10 15 20725 B0 nmineral acid dissolving the

pol ybenzazol e pol yner and which is not a solvent for the pol ybenzazol e

pol ymer, so as to renove_the acid solvent fromthe dope. As a suitable
washing liquid, water g m e of water af® an acid sol vent can be
used. Preferably, the fihkamegis are so washed that the concentration of the
residual mneral acid can _be 8,000 ppmor |ower, nore preferably 5, 000 ppm
or |lower. Desirably, thﬁi;ﬂEF jonmetric ratio@f the residual inorganic
base to the residual m cidinthe filament is 0.9 to 1.6 . 1. After
that, the filaments are dried, heat-treated and wound, as required.
Firstly, the polybenzaz iNgers of the presgpt invention are
characterized in that Lbers contain a basic organic conpound in the
form.of a nmononer or a condéhsate, so that the fibers can have a tensile
strength retention of 85%or nore after exposed to an atnosphere of a
tenperature of 80C and aN e Al y g—=Re0 _for 700 hours. The basic
organi ¢ conpound herein prr gl 8. NOT_Rar dﬁlarly limted, and it may
be any of organic conpounds that shOM/basic states, such as aromatic am ne.
It is preferable_to contain the basic organic conpound in the fibers or
filanments without® CHOWIRG Che af PRYSCHE SZPIEMBRLY™ES HE®E o4 NRditsttur e
regai n of 20%r..l.es L. the fihers fil: :QRN jsture
regai n of ZgéF%Ereﬁlgolggs% ?ﬁéyggfegggf)tﬁ%ngg%?égggiggéﬁﬁg@f?%Lrs or
filaments becdymemarrioger, red vbkar arzke espoflypes dfr wme atiildércs sorl vieintanent s
become dens% eAs a.re u%%,getub%%pnes h%%d for tgeng%si% orggg{c conmpound
to infiltratgl t 1€ 1er s or 5 i Caments S TAS S, &é’cifi c r%t&o&s, frere &e

gi ven the gyud€uaiild ag ket hedhahkeusfonet RG keI Itye cdippRirig rrtikigd or
the like is enployed to contain the basic organic conpound in the fibers or
filaments béfRediet REsst &F edr rékleudisn§ eI IspE o GgH Yrhe i nneret  and

the step of Mrying the 10 fd Bels on hidhaments.e Qs wise, dhedi | aments are
wound wi thout drying, and di pped in“a solution of 'the basic organic
conmpound t opiredrelap lgoit dion 206 conpound in the fibers or filanents. In
order for the fihers.or filaments totnaintain a Zigh ﬁFFGQ%%h retention
after exposed to-an b & OSPere V61 Hiogh F@Hﬁ@P SuFE NS W G huni dity
over aol ong RQI19he@s tainde dopedf erablitedaie o iherah ol f idniente drisyound
up W thout drying, and dipped in a solution of

described, for example, in U.S. Patent No. 4,533,693 by

Wolfe et al. (August 6, 1985), U.S. Patent No. 4,772,678 by
Sybert et al. (September 22, 1988), U.S. Patent No.

Q



t he basic organic conpound for a relatively long tinme. Secondly, the

pol ybenzazol e fibers of the present 20 invention are characterized in that
the fibers contain a basic organic conpound sel ected from

p- pheanyl enedi am ne, m phenyl enedi am ne and a m xture thereof, in the form
of a nonomer or a condensate. By doing s@, the fibers can have a tensile
strength retention of 85 or nore, preferably 900 25 or nore after exposed
to an atnosphere of a tenperature of 80C and a relative humdity of 80. for

700 hours. The use of other basic organic cogFounds is effective to prevent

the fibers #rd# hdvP ngy et easddl Bt Fbngt B8GL t2RBUY - t BaTORE Yerm
exposure to t r igh.t e d, 30 hi hum. di ng
such ot her %gg§%'g?gg§§c§€§%%g%ngg,ggﬁegi%%%g ?gn%ﬁé Q%gaé'anagr é% éﬂ?ect.
The anmount of spheayl enedianmeneot ocdpo hgded is A68coed| essa pokfietabl y£80
13 or less, nore preferably 2 to 6. Wien it exceeds 100, the fineness of
the {11 amenf o7 Rerbadbs et THAYTHEr bASeR Aoy BF -SheflyFeRedi am ne,
whi ch gndest&mplyat @pdsst OpRidecsease dngihieni phtéakishigngt hagfet He
filaments. 5 so, in this case, phenylenediamne is so contained in the
fibers thatalbdnet f 60¥r Seeruthdddd®a wbisdeuséiredgaionaofl 20@aoinkess, as wel |
as the foregoing basic organic conpounds. If the fibers once have a

o ornd

moi sture redafh oFeoBs BEs? PR POresZbRIt AEMQEPRRERs of the fibers

becorme 10 narrOmﬁﬁet@o?§n§§u§hﬁréﬂéf@&e§sOéxﬁpﬁdé&bgﬁfougéhaaresu'tz it
beconmes hard for phenylenedianmine to infiltrate the fiberS. As specific

met hods, t heppenageeyi vendt hiee gek teusi didga net doaynt henghomeannginethod, the

di ppi met hod or.the like is_epployed to contain enyl enedi am ne i.n the
TP Pt S oo hEE S, (B S BL YT It SRR hBr R e R A EE RS A Bieiner o
and the stepnothdrybagetbecéntarenésat@tbesnmtise, st heatehersoor filanments

are wound w t hout dryin?, and di pped in an aqueous sol ution of
phenyl enedi an? 7y £8°t hef BBydeRAt &F hrEHECRHNPRGHAT i Fethecf FREABARstRen or der

20 for the {ilanepts LQ-ORI Otabn-a bighestrengt b1 sheptt opnaf fepagxprged to
an atnospher'e of high tenperature and high humdity for a | ong period” of

time, prefebabhy, Thesfspagents aeeenolihd oplwedhautadrygag,; knd dspped in
an agugous SO ution of _phenyl.enedi am r~e_for relati
br " Paneh

| | 5 1i )
v o beor o Ao va L PR RO SEPh o tatet Cho B hE e o P R oebhSS  or

relatively ipagetiiente hbeiehywsuihi gbeathyti aétl toatemphienyhenedi am ne
into the filanments. The bl ending ratio of p-phenyl enedi am ne to

nphenyl enedf@hVftiand whgcholy nonpreaahely, Wi Ehi shgodppef efapheashal the
amount of m phenyl epedigam ge, ﬁ,'ﬁégﬁﬁm}héQr%Qﬁtd?éxPthgPykﬁQeg%ﬁgl”e- The
oxi dati ve condensation of p-phehyl enedi am ne 14 rapidly proceeds in

wat er, and the cBhdensatibantefi eam¢hes eafequaskeéy tocremses anpamteof as

conpared wi th m phenyl] enedi amine. Therefore,.it is hard.for _the
B o e DD e 8L By a S FeCE S ikt o PoRBEE: ] chifeat
Consequent | yhei fibegenes diréf tcuthet onathed pheayheneds any8e wondensate to

sufficiently fill_ the voids of the filanments and thereby stabilize them As
a result, i?uisakbfetPhEga@ifiPREIE FOPSEARCEI PaRRNES Bodhabehddtenifite

strength re&§”£ﬁ8”19§e§5%%8[t?@ﬁif@é%ﬁére%QQESQ.tQM&QtanaEHQSQQ?GSan a

tenperature of 80C and a relativ
was removed by this step. The washing herein referred to

25 means that the fibers or filaments are allowed to contact a
liquid which is compatible with the mineral acid dissolving
the polybenzazole polymer and which is not a solvent for
the polybenzazole polymer, so as to remove the acid solvent
from the dope. As a suitable washing liguid, water or a

30 mixture of water and an acid solvent can be used.
Preferably, the filaments are so washed that the

concentration of the residual mineral acid can be 8,000 ppm



hum dity of 800 for 700 hours. It becones possible to stably fill the voids
of the filanents with the phenyl enedi am ne condensate, by blending a | arger
anount of m phenyl enedi am ne than that of p-phenyl enedi am ne, taken 15 into
consi deration the slow oxidative condensati on of m phenyl enedi am ne.
However, the use of m phenyl enedi am ne alone makes it hard to accel erate

t he oxi dative condensation, and requires very long tine to treat the
filaments, which results in poor productivity. To 20 facilitate the

oxi dati ve condensation, the filanents may be treated at a higher

t enper at ur eorbdbwehe Sorengtlefetrabhe B BEOsrom birl dwerts t dddsrt dhladwer
during the atn . erefore,. r referably, the blending ratio of
pphenylened%égi%g%ggeggghgﬁﬁlgﬁé ggnﬁﬁgti§r§a26§ F8%1W9u55'2§%Third|y, t he
pol ybenzazoleghikerns of the present invention are characterized in that the
X-ray nmeridian diffraction half-width factor thereof is_0.3/CPa or |ess,
and that the el asfi éPEY dediéRent YER CALLYr bat dd SEEUShRAGEMEE RBIPEC TR
orientali onpes <30 FHa0bAkESS: LRArI0 Raky benzazal &rf Lhehs sunavaidably have
voi ds therein, since the solvent is renoved fromthe dope as nentione
above. Ther éfidme, ashdebiclbébsdhawne Udéf.eriteatsNouctur@s, a8br.i bohed filk to
such voids..Ac%ogdanké, s%ressgs concentrate on such dgfgptive portions of
the fibers afit tPOPREITOEFS THPESK 2 Rs 15 P&SUTL Ot RE PPSEFS bFedk wi t hout
suf fici ent | yaaxkibi tbhnghthebky ewaxpanfigr seiear ShEheibreakirAgnof thie fibers
or filaments is described in detail. Wen the fibers have voids therein,
the voi ds t heABelveslipprde 18s WaEREr Fongesisrds diddether Thueh the ¢eflddmati on
of theofl betsnTReRe Kol A Lher efke diagl hiblake e delormmbion af the
fibers in the direction of rotation of the crystals or 1n a shearing
direction. Yeonvehichedebdweatii.on exceeds a certain [imt, the fibers break.

This tinme, the present inventors have intensively researched a . nethod of
sol ving this proBPamteASCH PEsHFEDEERE] Rabe LWoGAGGEN ot RAPPORS HAS: €

organi ¢ conpaungdrewlheh ih9eht 88l €Ghed theemBrBReNthenadicakione.s
m phenyl enedi am ne and a m xture thereof in the forn1of a nmononer or a
condensat e amrdtahineRdi $heonbaiveedaisnct kabbithacs, 1hi Pod vbkazegiods of t he

fiberscor fil . re r.ei_nf or t t here decr ease
he. daFect S 6T RS HPletared o Teme o0 iehng s Ao Sy Bt ah el M Bk,
i nventors' kphenihee nesealgbeszaizblies dkmrawgy thet pohiymeefizact ohamw fhe

expressed as an X-ra% ridian dif%%action hal f-w dth factor or an
elasticity H@iﬁ@ﬁ@ﬁ? EH%at MrBGPed "o YARANGE 6F hoFeloPsr GFTeRtatén.

Wil e the ca@ghgaloaCEh@n$iq%mbh%sba%&cd@&g@@i%h%Sp%%%ngQ@e%@ih@eo%ibers
are not clearly known, the follow n
the filaments. Preferably, to add the basic substance
20 during the polymerization of polybenzazole, the basic
substance is simultaneously added with the starting
materials; the basic substance is added at an optional
point of time during the reaction while the temperature is
being increased stepwise or at a constant rate; or the
25 basic substance is added after the completion of the
polymerization. Preferably, to add the basic substance
during the washing of the dope or before the drying of the
filaments, the basic substance is dissolved in water or a
hydrophilic organic solvent, and the dope, filaments or a
30 film is dipped in the resultant solution. Preferably, to
add the basic substance during the post-processing step at

which the dope, the filaments or the film has had a solid



can be sinply supposed. Since the micro voids in the polybenzazole fibers
are filled with the nononer or condensate of the basic organi c conpound,
external water vapor is hard to reach the PBZ nol ecul es even while the 30
pol ybenzazol e fi bers are exposed to an atnosphere of high tenperature and
high hum dity over a long period of time.1As a result, the strength of the
fibers is hard to 16 decrease; or, the mneral acid or the condensate
thereof remmining in the polybenzazole fibers is dissociated by noisture to
rel ease hydrogen ions, which are then captared by the basic substance, so
that the re8EFP6RUEHst ERFI B251RedtPalPred 16 CREFEBYSEnRAFRbPt SPR&C@Eer ease
of the streggbhcohuibechhbres: otrabherwhse, Lhe gendensal g;gbethe basic
organi c conpouna aving a devel oped conjugate system captures radicals

whi ch occur the trheuflibetssbontsone eedsahent ast heseby stiabi bi zaithéle
reaction system and_i nhibit thg 10 decr as& ig t he s%nength of the fibers.
However , thégzvﬁaéa§°d5€ﬁ8yer§ Er PELVERL Blesbfit SPAYEACION in any way. The
pol ybenzazol e fibears hhusiebtamaed, carapakeoso rlbghcdebabibhtyiasaa tensile
strength retention of 85 or nore, preferably 90 even after exposed to an

at nosphere 6Rffscaepénpapantr efothasbrisge avbgtenandwacrepariped Runitdiety of
as high as . 70 o] . reakir r t e ul.tant fibers
is so high §§1E9éﬁé gPQngbg,ngggFgrggl?eﬁg?égcgggo?hﬁéF%? g#?ﬁloﬁgre
preferably 9etbn@Papoefaprel y20othehstrapkethbbensd ekcbhespr eFemthieyenti on
are manufactured as fol|lows. If needed, the filanents are crinped with a
push-on cri Af8r O6r "PRE PRREC FHERT2PREST MRAMBRL § 1BFe teneorAty 8€488Ce fibers
w th ppedet epgi-ped | engths, using a known neans, for exanple, a rotary
cutter 25 having a plurality of blades which are disposed radially in a
slit between a paiftesf waghong opposivagetre sachmothefilThenitengthpdt ohe
staple fibers is not particularly limted, and it is preferabl 00 to 0.05
mm nore pr&fBFaARI 57 rﬂSdOP§uﬁﬁ¥y38tTﬁetﬁ@PﬁBéﬁEéfoPE §P§E¢e0¥i%%wgrcan be

wi dely used: ThaestBR! @iki RRESHALEVALLAYShYePLAcee3Rd t @nRr @uhdg 18pUN
yarns, felt, etc. Such spun yarns and felt are used for 17 tension

mat eri al s satheagtbabk&snandnr ofeshei neilsiidn lprenéct istepienber abudle as
gl ove heat resistgnt and fiﬁ% éesisiant natgrLaI
9

Oni fofs,  EAEF el SEaAPLral FregheRG: S PBE B ants, SRaap r BOFSt A tBbr cs.
5 a varietytehsseal kngengter bal s, phegbenesizstiankhotuehi easmandithl ters;
abrasion resistant materials such as continuous
contains no basic substance, and thus, it is known that the
adverse influence of the heat treatment on the polymer is a
little.
20 The chemical conditions or actions of the basic
substance in the fibers have not been clearly known.
However, the following are simply supposed: moilsture in an
atmosphere of high temperature and high humidity
infiltrates the polybenzazole fibers or the film, so that
25 the residual mineral acid is dissociated by the moisture to
release protons, which are captured by the basic substance
to maintain the reaction system in a neutral state, to
thereby prevent a decrease in the strength of the fibers or
the film. This idea, however, does not restrict the
30 present invention in any way.
The following method is recommended for the

manufacturing of the polybenzazole fibers.



vehicl e transm ssion belt and clutch facing; reinforcements for
construction materials; rider suits; speaker cones; and the |like. The
applications of the staple fibers are not 10 limted to those. Spun yarns
conprising the pol ybenzazole fibers of the present invention provide
textile materials for protective materialis, protective clothing and
industrial materials. Exanples of the spun yarns of the present invention
15 al so i nclude conposite spun yarns which conprise the pol ybenzazol e
fibers with other fibers. As other fibers, there are given natural fibers,
organic fibers, FBEaflipBERSS FREMGEANE £FBBr $P&ndPATAEPEl 2FPbERS ePhere i s
no particul gy LLfbbel 0 Sebechicornal shigohkending method;gang 20khe
conventional m xed stapfe tiber at opening process, and core-in sheath

nmet hod can béoengpkoypedth¥éeell.or Tkei ffiédmbalisi esecdopthsicngashed and

pol ybenzazol e fibers of th resent invention provide textile materials for
i ghl y dur aBFECBRGEEEET V& haferPal 8P Lhr GRBECPPS 2856 FoPHEAg “and P rdlst 1 i al
materi gl s. E&éBBkﬁﬁlecB@%iWﬁYﬁQdQBxKHbEt%@t&@@ﬁhﬁshgﬁrbﬁﬁd@r%%e@he_
invention also include conposite woven or knitted fabrics conb-ned with

ot her fiber$isachoashaaebivalrefpler 8056r ganiteef Fhérshtret dhef WBehsng _

| norgani ¢ foecs, TLBELaLo3Q.fBES Phathenkl kepnoTle uethod,gf, conbination
is not limted. The woven fabrics i nclude uni on woven fa%rlcs, oubl'e weave
fabrics, |ipl3bvepdfabrceataetca Theukd tvhedh i%8cbabritddlienalitde thei on

knitted fabrics, double knit fabrics, circular kniﬁted fabrics, weft
knitted fabPiEs§r? PﬁlQnPﬂﬁéBlﬁéBBiééﬁ PRS¢REPZRAPL CeBOLYBET c R WE1Chi ber
or f!h@”entiE|Hé%SaCQHQQ%hEQfEQetW%V%Bl?be%ﬁbqug babrhes ase 3sneb
particularly limted. Mnofilanents, multifilanments, tw st yarns, doubled
tw st yarnsrewmoverichg paidsscdpentydrns, toer éopk.br dgkinguspablyear ns,
core-in-she%gg X%rni.anq br%gg% can ge us %TeFe%t g&egh% r%seg%ihnvention
is nanufacturea as 6qFoPVoms. Theé poI?benzazo e {7I"&ent’s 6bt & ed as
above are cebipedtandncbe uskd.pobyb&rzanalye shaplfe lhmbers hyeary of known
met hods. The resulting staple fibers are further processed . into felt
mat eri al s bvaéﬁﬁdthRgo%ﬁen§Pﬁ6&§Frﬂ§lPHeOﬁeFP?nﬁﬁﬁﬁﬁﬁa&ePHBEFaé RAdfin
non-wgven fabni .18 maki pgrmet-had,ean he empheyedapAMeb ooy pRaef the
staple fibers, and the web is formed into felt by thé needl e punching
met hod, stitfohWebendPrgimebhod Ghewsted cpinoisitng cneeliod, odr thy esdtdhod
using a binder. Oherw.se, . felt my b de .of the _polybenzazole . filanents
by the-spun-BBRATR 20 et fi6a. MnE CFATt A elFAFS. GF Lnd ot Loare [AATEN | on
can be madeief ohbemnded .st aphe f niFees conpri $hrg fihempalkybenzazelied,i bers
and different fibers. It is effective to increase the bl ending percentage
of the pol yB&Rzat6r8tErFpERS, “RHEA 255t REerdmateri al is demanded to have
hi ghepgheat resi gtiance, The WelLahh-ReLGENLAGE Lol e RAlybeRzazel e fibers
is preferably 50% or higher, noré preferably 800 or higher. Wen it is
| ower than 30yvenfiécexeskl eherheserigsidstianddadndhabrfddieys cesitetianee of the
polybenzazokgs§g %Ebe%ﬁcc%n n%tn%ei%ykl% %%Q%b%%ed.ngg%r%ri%rn% parti cul ar
limt in seP8€tion df the BpgngIng netﬁod i'n SO faf as the felt conpri ses
honogeneouskynblkerded, f isbersa torheOfRbieses cadn hk¥el anmteatsiiQr Raviengtihwo or
nore felt layers which are nmade separately of different fibers to be
bl ended wi t FeRECPEPYRéNERZ0PE FIPBEr & T&Ad SSBEF SCelCs 38 & HOISERISTE. Fhe
felt material (Lhus ghtained capcsuffigiently;5.mitatpythe shiengLh even
to an atnosphere

af t er “exposed
700 hours. The basic organic compound herein referred to
is not particularly limited, and it may be any of organic

compounds that show basic states, such as aromatic amine.

It is preferakle to contain the basic organic compound

30 in the fibers or filaments without allowing the fibers or
filaments to have a moisture regain of 20% or less. If the

fibers or filaments once have a moisture regain of 20% or
g



of high tenperature and high humdity, since it conprises the polybenzazole
fibers which show | ess decrease in strength even after exposed to an

at nrosphere of high tenperature and high hum dity over a | ong period of

time. 10 As a result, the abrasion resistance of the felt material under an
at mosphere of high humidity is inproved, which makes it possible to inprove
the life of a heat resistant cushion material conprising the felt material.
The conposite materials conprising the pol ybenzazole 15 fibers of the
present invention may be provided in any formsuch as unidirectionally
reinforced A&BéEri &he, PpFesdedubiing Isamingtisors &hel ddbRate @t fbriadsentas t he
matri x resi f setti resi_n S _ep res| d pheno
resins, supgﬁcgﬁéi%gg%?ﬁ%qglgétfggtsﬁéﬁ %g g%%egng%P%é%,fg%egﬁd%Q

gener al - pur fagenkeheésnbeebinenglenasi.ns Asuah ras ujal, y étth leena.e spdlayr doyl ene
and pol yam de can be used. The cords conprising the pol ybenzazol e fibers of
the present HfvEASEIEN CZFENBCoFPIRR VRS §Pndpélﬁaﬂ§ﬁey§$ﬁsf&PeFﬁi§F'tmn-ply
yarns whi chrang aede Wt 2-bing jtwsting <25 (IRCAI e 1A vidhereRy JyTpiove
the fatigue resistance. The twi st coefficient 1s sufficient to be 350 to
2,000. The bwilsngcoefthiod entheK shomgrX ngDew/tpodl, 2 the dippe ngumedhodf oowi st
[T/10 cm, n ...total denier . fiber densit /.,cm ] 30.To inprove, the
bahesi on o TFabBAIS e “SRIPXEES 61 ORE S JEEnPaRd o TR 6FTRCAent <
may be subj eet edet Figerenart reatmemtt sobephashi thieeattpnior Qhefwise, a 20
conpound reactive with the surfaces of the pol ybenzazole fibers or

filaments ofhenglodar faceush (the SOILyBETLdzae fLhsers eor O IGdveMds tceat ed
with ger onafmrge o%pfi*lig%qleh%ss.uc tPRlyhenzazele £ibars «or Jfil aaepts. To

further inprove t he adhesion to rubber, the polybenzazol e fibers or
filaments nmaytheusubjredthed tadaddippeidngnt reatierttionAs ft hdet beatiiong |1 qui d,

the follow ng can be generally ed: (A an aqueous di spersjan of an epoxy
resin, (B) Q%géadgoﬁg © grgpoﬁiﬁfe ng&E%@d%izgfyéﬁﬁF@anol@d%hﬁn agueous
di spersion afiparisubbersihat@nt sand (Db rajdd Gard tHeXtruR r@f & filaments

resorcin. formal dehyde resin and a rubber |atex (RFL). Each of the treating
| i qui ds nmay tPemgd&d adnode Naoh B teemsithaticden tien Gridest gg@osred to an

mul ti pl-e- st 5 €0 I Si r r . treating
ot hoRS al a8y PLe - Bmbloyad TREERa sens A28 F bl o Por P i or ci ng
cenent and domgr eee,ioaf ctthe ipregs ente fiemadrityvi,orthea < ifperer ald \f iframeinded by
knitting the polybenzazole filanments as a braj.d, and 20 setting hard the
brai d wth &-EnSPRBSetE: g o8 YR G 41 CHERFT 68 7. SR & can have
an optional tgicamRkelc d¢CRMAINGRAR Foae Dfrdike ifidigmaning tanke used. In
view of the ease of handling, the diameter of the braid is usually 1 to 20
mm For exanpl e, SRISOR Y stthgnds lokem 223 Havifideg st iofertdss rafes®n300 deni er

made of, t he. azal e fibers,. .i. iRt rai.qd (wt t.ot al
finen%gg ofl%gkﬁgg% e%?%rf?%ﬁ%gﬁﬁéﬁﬁgﬁggl§ﬁﬁﬁ52%%é?%%£%gI#%ﬁﬁﬁé%q% braid
has a t ot al bhisienessanfi c752rpohnde medrec tiche forcad b -Ipde aan ydicareetiemiofe ,8 nm

The dianmeter of the rod .30 .set hard wi.th the resin varies dependin% on the
amount of t AeP &S eé‘&?iliaélf&,neaﬁcﬁlaqrta s geitér NS Soutt 2579 d°%4d Ythédn the

di ameter of plh@mrdicd a condensate. By doing so, the fibers can have

a tensile strength retention of 85% or more, preferably 90%

25 or more after exposed to an atmosphere of a temperature of
80°C and a relative humidity of 80% for 700 hours. The use
of other basic organic compounds is effective to prevent
the fibers from having a decreased strength attributed to
long term exposure to an atmosphere of high temperature and

30 high humidity. Among such other basic organic compounds,
phenylenediamine shows a marked effect. The amount of

phenylenediamine to be added is 10% or less, preferably 8%



21 The pol ybenzazol e fiber sheets for cement/concrete reinforcenent of the
present invention are 100 to 1,500 g/n2 in weight, and the sheets conprise
the polybenzazole fibers in at |east one direction thereof. Wien the wei ght
5 of the sheet is below 100 g/m, the sheet can not have a required
strength, which leads to the need of | ampating an increased nunber of such
sheets, resulting in poor efficiency. Wen the weight exceeds 1,500 g/cn2,

t he inpregnation of the sheet with a resin as adhesive beconmes 10 poor, and
t he adhesion with cenent and concrete becones poor. The fiber sheet

speci fi cal | § mbamS, QY et ¢ EDFRR1Y kA £ e f abiRen hbnexeoeds f abFi cthaet
net-Ilike sh h-the t S with 15
adhesi ve, Igﬁﬁ%% |%ﬂé§f @?I%%P%ﬁ €%fitﬁ§e$£%%r§&g§?$t e ||é&%§$ﬁe strength
of the fibeimsheetof spla¢nybastdbéinkgyé cwhpelef endds yraiply ehstdd00okg/ cm

When the strength i s, below 50 kg/em  the effect of nforcin
BRI Y T e S YA CR:t g 13 S e A A M L B RS T

reinfogced with 20séheifiberssbest, bghéhypéaeeiyﬂiﬂe thessheghtarQund the
cenent/concrete, or by sti cki ng the fiber sheet thereto. O herw se, the

fiber sheetl@nﬁ@¢ é;b¢D®eth¥en§h©nf1QGMEu@@V@¥o@@ﬂeaabm®dgeup¢ereaﬂunbonded

t hereto, or % 2gpndedléo the baselof a brlgg | ber sheet of t he

present 25 Trhventi oh can® be” a Tleda%ytany o?e?% b%%%lne?ﬁ%%s The hi gh
strength fibetpsopes. OfIfhEh@rESB@isl@N@@th@ﬁea£6mﬁﬁ§Euﬂé tbeapnl ybenzazol e
fibers which are nanufactured by the above process, and the breaking

strength t hePeoPri 8%, hFlah BR” qsc@% pRenprefapeer of abh§ §lber@peee@mﬁnre
30 stipl noge p e&ere@'aeésé0%§§ seffge 0 opgs hayipg, a Xﬁrée£¥59it

structures can be nanufacture ron1suc ers by any of known
met hods. Thetrbeu@meﬂthan@eEOhaNbesmlenteemeeeIeﬂtldﬁxabrhteytae atensile

strength retention of 75 o referaply 80 after _exppsed to
ot moonher cal BrohT on b e reRrat Er eat RO HF Gh PRE P (S SVEER | DR BBIFSds of
time. 5 Theoknihe peowbdyeshs eholbeipgesephodNVENEi @ppiegMadenofl or

| am nat ed woven_fabrics of the pol ybenzazole fibers. The texture of the
woven fabriEnfrayl ke hﬁye%?l%Y%ﬁnthggeta%ﬂﬁPheQé59%e§hﬂmeﬁe%nmE%@es for

ordlng?y faP{ argéahgtwgggeg%éfﬁtéﬁ 8k €e g &Eﬁg é'&&?otﬁﬁr8ﬁéﬁures

t hereof are 1 to shi at™ high pertornmance can be
realized. Thhef$péneesebfam@etpelybepzaﬁoﬁeyin@etbeofllhmentavent|on is 600

dtex or |es referab 300 dtex or dvanta eou uch |.ow,

i ness £ BuphiRe t e ooth et ol s heenth She e REa P hoRoRE, FEY haice.
It is also d8qi apgpéanint At agheotsnberuef odabnspRényNenvavenihabebc of
this invention is 30 yarns/25 mmor nore, preferably 50 yarns/25 nmm or
more. When EReTPRMDEPNBRIYaFRS FeMBAWNA, 1RhEhgaf n2BENERe f ABrPEEENd to

R e o
after expcsed to an atmosphere of high temperature and high
humidity for a long period of time, preferably, the
filaments are wound up without drying, and dipped in an
aqueous solution of phenylenediamine for a relatively long

25 fime. More preferably, the filaments are treated by the
cheese dyeing method for relatively long time to thereby
sufficiently infiltrate phenylenediamine into the filaments.

The blending ratio of p-phenylenediamine to m-
phenylenediamine is 4 : 6 to 0 : 10: namely, it is

30 preferable that the amount of m-phenylenediamine is larger

than that of p-phenylenediamine.

The oxidative condensation of p-phenylenediamine



i.n which range, excellent knife proof performance can be exhibited. The
fabric to be used in this invention may be partially or fully coated or

i npregnated with a resin. The knife proof vest of the present invention is
made of a 25 lam nation of such fabrics, or may be made of a plurality of
such fabrics integrally sewn with a highigtrength machi ne sewi ng yarn. The
bul | et proof vests of the present invention are nmade of |am nated fabrics
of the polybenzazole fibers. The 30 texture of the fabric nmay be any of
plain weave, twill weave and other weaves for ordinary fabrics. Plain weave
fabrics or rapPlfliienveceadpi ¢8 Wreepr epbfr Bde sppéenspeion2degereure of the

fabric hard LRt i 1 LL .poOSS] to_achj Lgh.bul ] et proof
perfornance#M%ﬁgb%iﬁ%%gggpogg%ﬁgaﬁéfyggngggg e ??b§?§¥§¥géh?§p#n@ention is
1,11 0 dtex phehobenedparireabl yneo8rdtex ot hLeweardandrt beeuse of the 5

pol ybenzazol e fibers with such a |ow fineness makes it easy_to achieve high
bul 1 et prooPlpeYiBrAEREBINEt CPIIGIER P npOr EARETt RAE VAEIAURBeF8f the yarns

of thecfabrig LS | j ul de b r ok-lLe The
Sl ght S0 1 e fhehpLe,  BURBLLOBAERO! e oBelonknl BT L £ocILORakorAe TIE hi ch

range excel beanybehtetapinef cpedénsabaceccantbecientiyedilThehbulbatspr oof
vest of the present.invention IS de, of | am. natipon of the above. fabrics,
o ey be naloERE FhbtdERbs Fatr FRE Erie PR 28 kR ar e AT oRSE R ERot b
machi ne sewigiyagsdme &t dmBESH i MODESL FOR- CARRY| NGL & n THEL b NWENET ©N

Hereinafter, t_~e present invention will be explained in nore detail by way
of Exanpl estelfieh, ShERRIER, T8RBOF4OR0PEHBOR 0ASt FEE ASTRFNPEPA§EENECSCOpe

f th t 20 | tion i _Needl t ,_modi ficati f
Sxamp e w i Ao HEES fRor ot Mo PRb gt Lol et R TR b e -
possi bl e, apdmsyehynpdi Bhgatbensoargoakso i nel pdedmks Hhesspoperef the

present invention. The neasuring nethods in relation to Exanples are 25
conduct ed astéblvofsll( Ebal vaifenodf tser 8hgenentsFvilaheheor Fil m under

filament or Baery PR aae Ry A Pa e L Y e Ao d bR cadep S et
y measuring the strength retentions of
the fil anmenth-phetheeB868dfahimtéotihdnbehetec@nd-ahteylanstideadeect esbkander an

15 into consideration the slow oxidative condensation of m-
phenylenediamine. However, the use of m-phenylenediamine
alone makes 1t hard to accelerate the oxidative
condensation, and requirés very long time to treat the
filaments, which results in poor productivity. To

20 facilitate the oxidative condensation, the filaments may be
treated at a higher temperature, but the strength of the
fibers or filaments tends to lower during the treatment.

Therefore, more preferably, the blending ratio of p-
phenylenediamine to m-phenylenediamine is 3 : 7 to 1 : 9.

25 Thirdly, the polybenzazole fibers of the present
invention are characterized in that the X-ray meridian
diffraction half-width factor thereof is 0.3°/CPa or less,
and that the elasticity decrement Er attributed to change
of molecular orientation is 30 GPa or less. The

30 polybenzazole fibers unavoidably have voids therein, since
the solvent is removed from the dope as mentioned above.

Therefore, the fibers have defective structures attributed



at nosphere of high tenperature and high humdity. This storage test was
conduct ed usi ng Humi di ¢ Chanber 1&3M 24 manufactured by Yamato
Kagakusha. A filament or a filmwound onto a paper bobbin with a dianeter
of 5 cmwas set on the apparatus. The apparatus was continuously operated
for 100 days under an atnosphere of a tenperature of 80C 5 and a relative
hum dity of 80~. (Strength Retention) The strengths of a filanent found
before and after a storage test under an atnosphere of a high tenperature
and high humdity were neasured with_a tension tester (RTM250 10

manuf act ur e§CbyUAR&VEY dgecofEFAGILBItHe PrEEESGFe COPCIPSERGE3CRafd Cihe
tensile streagbRcfoundsatishstBe sharagaeteshntas ¢hyl dedebk bhesinitial
tensile strength found before the storage test. The strength of a film was
determ ned Res_at hessafe trhrnérbassaboeek wsithgua samplieifntiyl5 with a

l engtr of 5 cgﬁ wi_dt h gg 1 _mm and t?ickness of 8.5 Vim (Evaluation of
Decr ease i n8{rBAGERIUNGEF T APHBSBREFETBA EFgh Tenperature and Hi gh

Hum di ty) A decreaaepiBakhagsbirengthrobeasl bhamentmanta filsl Mmederupder an
at nosphere of high tenperature and high hum dity was eval uated as foll ows:
the filamentnwdahdidnt oWaeneshrolisbbsbbhavei vhidsdithmseen, ofthe0venmdss a
sanpl e was ored.in_a_container, constantly. kept at high t ature and
i Gh hum di )Rl P EnSeea t PO Ehe SORPalHEr Sand 35 Sab/ Seted B0 a tonsi | e
test at a rdetivteapepat urethdéheideeseas@hkeBet heiskr ehgtrhfofret he sanpl e was
eval uat ed based_on the strength retention of the sample relative to the

strength t héPEot1F8hRdTHEr GRECERETLPBr 8de thESE 10RAST 1Ph&ENEt RBEFRELE 0f hi gh

tenpe&@tureo%néohbgﬁohugkdkhﬁ-ckQSEBh§ 30 Eﬁgﬁrghehg@ngtﬁﬁég%tﬁgﬁt was
carried out under an atnosphere of a tenperature of 80C and a relative
humi dity of WBenf shiz00eliournstiosi rychanisdiac cEnanbar 11843M thes fibrufact ur ed

by Y Kagakusha,,, whi ch f I hi_el ded it ligh
L0 pase thr BOGR'the ot arAer - RRePCErPSlGt Ny SEERE POl oNde ASEaPhfod by

t he "¢ont

measuring thesdatrenstl @ strepdt B$ eblthegsarpkephkoundmbef ke sandsafiter the
storage test dividin% the tensile strength found after the stora%e test by
t he tensiletbﬁweﬁéﬁﬁ BuRE BefoféathEhst BRE&gE PESERIENGORRPLNAY yiYRdg Cthe

quoti gat by;10Q.;Ihe ARESYRE Eheaglgh%d&%ﬁghbg ﬁtbﬁgﬂkﬁ%n@@%aﬁﬁRgu%B%d
using a 10 tensile tester (AG 50KNG nmanufactured by SIMADZU CORPORATI ON),
accordi ng te mhatprecébareodf 13l Shel@d3m PNeasupenmst off Gorcedenatiten of

Phosphorus or Sodi.um Remai ning in Fil nt..or Fiber) .The concent ration of
the-Fasi duaf Sha0phar 6o CPHCAZEE F Panbit TdPegor i Bar 1ds Rooduite he
measur ed usithg pebketsoebtrainednby s$ol idiekrbRgrehe rsanpl @ heWshheaand
fluorescent Xray spectroneter (PWA404/DY685 nmanufactured by PHI LIPS). The
concentrati &R G%QFﬁéyr@@Faﬁéﬁes@&?ugﬁﬁé§t§98§uF€8 By THRé UEESt PénLt&E6t i vati ng

anal ysips. 2Q,4M0i shdrg RegaiRk of the inventors' intensive researches,

it is known that this effect can be expressed as an X-ray
meridian diffraction half-width factor or an elasticity
decrement Er attributed to change of molecular orientation.
While the chemical actions of the basic organic

25 compound in the fibers are not clearly known, the following
can be simply supposed. Since the micro voids in the
polybenzazole fibers are filled with the monomer or
condensate of the basic organic compound, external water
vapor 1is hard to reach the PBZ molecules even while the

30 polybenzazole fibers are exposed to an atmosphere of high
temperature and high humidity over a long period of tTime.

As a result, the strength of the fibers is hard to



The noi sture regain was cal cul ated fromthe weight WD g of a filanent or

fi ber found before the drying and the weight W g of the sane filanment or
fi ber found after the drying, according to the follow ng equation. The
drying 25 was carried out at a tenperature of 200C for one hour. Misture
regain (o) - (WO - W)/W X 100 (Measurenent of X-Ray Meridian Diffraction
Hal f -Wdth Factor Hws) A gonioneter (Ru-200 X-ray generator, RAD-rA system
30 manufactured by Rl GAKU) was nmounted on an apparatus as shown in Fig. |,
which pulls a filanment under a tension, and the stress dependency of the
wi dt h of (odecyeasgﬁ drifﬁé@tméﬁerahe§cﬂésOéeﬁéﬁnﬁﬁéden$ﬁéea§b§ﬁﬁpﬁs was
operated at f o] r.a I froma
copper-rotaifrlg{ri}a(i rée%g ﬁg E¥F§Péggﬁgﬁl%n g%%?? 5§a§9§g§g%§¥§d0%9an

i magi ng 5 phaﬁet@E@LtURerﬁaBBfBQUMngnbyOEHLIthOhOaEeth@h cabttdred The

diffraction intensjty recorded was read with a digital m crol um nography
(Pl XsysTEM R¥nGP&cParéd BYCSEEPRCETDSY. t?éthQ€|§8g§té9§lﬁﬁ?gephéshalf wi dt h

of theSresuhEQEEa@QQEdp%Bf%h%re%?rYﬁhEbEE'@ﬁewﬁécggﬂgHCB%dtﬁﬁ 4$iRgg@h
synthesis 10 of a Gaissian function and a Lorents function. The results

wer e plottedfréhatfvbeta t he chegye§eappheedondenhetﬁlbénéhﬁ bﬁﬁ@Cspots of
the data were |inearl| ﬁ g g . .and _t e %@ e@gdth E % SQFM§

eval uated fPSHTHE 6P BPEH fVehE 8|I8H fnt fCPHé 98 £s! EIS 2 shoms an
exanpl e of &apthecgr apRitan sewakvat bagukwsn ¢h%a$ub@ﬁ@nﬁo@fs6@@t@@a%@h
Change of Mol ecular Orientation) The apparatus as shown in Fig whi ch

appl i ed a tERsitBRTEBYastiPakeRe, thas rRBGHLEE SHS&eEmane aﬁapélk ﬁé@ 20
scat t gpi ng %@B@%ﬁ%@tﬁna@ﬁetQ%rghg%ﬁee%nﬂh%ffabg%ék 0f;o(,20Q) , dichiracti on

points int azi mut h angul ar ection was measured so as to neasure the
el asticity ddeaendntnﬁm aesmmbatedhEopwbaage ohvepltecunl an eniyewkat.i on. Fi g.

3 shows an exanp raph.shaowi ng the change.of 25 nol ecul ar
orientation (<Slh§ POy ﬁ@géﬁéﬁég gwkﬁgﬁ Eﬁpﬁr %&Féﬁ?&tcgﬁ 4Fn®%>) was
cal cul ated hrem HheadziiAwih @ng|Qeﬁ%@ﬁb|%t&eh@khOEetEQtﬁ%QObdeEbr@QtIOn
intensity, according to the follow ng equation. The origin of the azinuth

angl e was presént P&Rf3gabRy ﬁ@ﬁl@W&ﬁ a§ter—e6poseg7tﬁran~ﬁ¢@@5§bﬁge~@é~

sin- ~_> nm_| iin ~d~ rdln t t heo . 199,
1980) 157 opoded oty KGFERGT O fRe "SErart (& ot S Gnerotbt's NITarent Bhn be
expressed agsahggntagseg/o&oghao@lg@g@%lon (EC) of crystals and
contribution (er) of rotation: s = Ec + Er 10 The el ongation Ec of crystals

can be cal cul at edher bireekdrgl ssreacty BE het Hesgdyenal famers stré9s 6, and

the high as 1 GPa or more, preferably 2.75 GPa or more, still

more preferably 4.10 GPa or more.

20 The staple fibers of the present invention are
manufactured as follows. If needed, the filaments are
crimped with a push-on crimper or the like. Then, the
filaments are cut into staple fibers with predetermined
lengths, using a known means, for example, a rotary cutter

25 having a plurality of blades which are disposed radially in
a slit between a pair of rotors opposing to each other.

The length of the staple fibers is not particularly limited,
and it is preferably 100 to 0.05 mm, more preferably 70 to
0.5 mm.

30 The polybenzazole staple fibers can be widely used.

The staple fibers are variously processed to provide spun

yarns, felt, etc. Such spun yarns and felt are used for



contribution er of rotation can be cal culated using the results (shown in
Fig. 3) which were neasured by using <sin ~> as the function of a, so as to
rewite E as the 15 followi ng equation. Herein, ~0 is an orientation angle
when the stress is zero; ~ is an orientation angle when the stress is 6. s
= 6/ Ec + (<cos~>/<cos~0> - 1) The elastiqity decrenent Er attributed to
change of 20 nolecular orientation is defined by the follow ng equation. In
this regard, the content of the parentheses of the second termon the right

side indicates the %radient of the tangent line of s when a ii.s zero (6 =
0). -1 2 5 -epSipp Baggrigés| such pRefABASSF 2BFPaFGREFNgIABEE4PBN Resi st ance

of Felt Matgriakc-rade Atmbek¥bgnzazakegrbbess akakl gbsTepRarakiperi3@ A
sanpl e was abraded with an abrasion tester as shown 28 in Fig. 4, by

bringi ng a rebbshgntametkealaheasadhats500Cenanoundfivans, whehtt he sanpl e
under a load of 300 _glcm. , and,rotating the, santole at 30C rpm.under this
condi tron. SEaLFERBAIFE Tt na e kRoP e ERASPUPbEd PRChur BoMATarcr SEoTG "
seconds j ust bgtereyt e abrashgnmbestiaand hbef abegadedntorudnheuksanand

the sanple was renoved fromthe tester, a%ain di pped in pure water for 10
seconds andfagarnsabrhyedipsr rsshetreL TAFSrépéFati6h *éscCPepeatredsunti |

the sanple 0%9i9§8”t??5§ﬁ§gs%85 8&%‘aﬁ§ ROUESH EQ%iﬁQEa§E9ﬂfB§§Eﬁ%ﬁ@%G 10
of the sanpl € was evaluate ased on a decrease in t wei ght of the sanple
found after fbhecahsasuonibar m2@elrdais; ¢(Exdper snent;Exappke)y Makesg ahd

Filmlike Pg|ybenzazol e 15 A solution (or ol yner d of pol ybenzazol e
in polyphosﬁh%rgéﬁﬁcid%ﬁﬁsagﬁ dnf HQBSEQFWEEE ﬁ%??@@t?gg%ﬁﬁrBEFhéPSne
sheet spand pressed wht hhasheat press at 175C under a pressure of |50

kg/cm . After that, the resultant polynmer dope sandw ched between the 20
pol yt et r af | uor oefRyneeé rafeersrKas 15er shehealabenzecoiln fheerengitt Gbenal

direction until e.length _of .pal .dap 3t r and in
the | at eral HEPSRET RO GHELE L RECH aen PRGHoar BOSaaa L8 o hoetr 5 ogor AT or
cool i ng, thaapekyaers,dppetwas iskr cpedhfihgmahbe idbupakytet matkucaoet hyl ene

sheets, and washed with water until the concentrati on of the residual
phosphor ous reachk&dmglegoof the soun yarns of the present Invention

15 also include composite spun yarns which comprise the
polybenzazole fibers with other fibers. As other fibers,
there are given natural fibers, organic fibers, metal
fibers, inorganic fibers and mineral fibers. There is no
particular limit in selection of the blending method, and

20 the conventional mixed staple fiber at opening process, and
core—-in sheath method can be employed.

Woven or knitted fabrics comprising the polybenzazole
fibers of the present invention provide textile materials
for highly durable protective materials, protective

25 clothing and industrial materials.

Examples of the woven or knitted fabrics of the
present invention also include composite woven or knitted
fabrics combined with other fibers such as natural fibers,
organic fibers, metal fibers, inorganic fibers, mineral

30 fibers or the like. The method of combination is not
limited. The woven fabrics include union woven fabrics,

double weave fabrics, lip stop fabrics, etc. The knitted



ppm or | ess. Making of Pol ybenzazole Filanments 30 Spinning was carried out
So as to obtain filanents with dianeters of 11.5 ~m and fineness of 1.5
deni er. A polyner dope was extruded through a nozzle having 340 hol es 29
with dianmeters of 160 ~m at a spinning tenperature of 150C, and the
extruded filaments were pushed into a fingt washing bath which was so

| ocated as to cause the filanments to be converged at an appropriate
position to forma 5 multifilanment. A quench chanber was |ocated in an air
gap between the nozzle and the first washing bath, so as to, elongate the
filaments at2Rrhef elnl fde Mt eppekat tbed ﬁ%r}%%gtqao‘éﬁ’l? hen bt rigapi Gds 30
cm The f11arpats, wege; pushefgplclntoe an gl lq 6%, Jhe fiyagent takeup
rate was 200 1 n?n1n., an t%e i Tament el ongation nulti plying factor was
30. The fiIhmbntsdméabrMashedamﬁmalmbmett@@tfabrh@scoatentrEib@n of the

resi dual ph oric |d in_the nzazol e fil ament eached 5,000 ppm
or | ese. (Ehprent) Butal ouialtid ERENIE bt SR Ped PTG €BRannl o
(12 W5~) havt Ngaphi bt 4+ 0§ Cidi 66051 tNoRb £ 28aklbs €s Atn30G £ BB EE, USing a
met hansul foni ¢ aci d solution, in polyphosphoric acid containing 880 of
phosphor us b@h@ﬁo&@ﬁ@smaéO@%hﬁdlhwtﬁé LaResS neeeéer Hisd desEr$ bedlP@hove, and
the 20 resul f o] 0 und
filament wad %ﬂ%be%{?%Fgﬂb£%%§%g?§)n%@ﬁ gggggloggg a§1%§%€%%lg$ﬁﬁg

bi car bonat eaff@50rg)ds ncavatiee (46d4dL) at 50C for 3 hours, and dried at 80C

for 4 hours. The resultant filament was subjected to a storage test under
an 25 at mospher ef®tt h?@ht?%n%é?%?%Fel%ﬁﬁnﬁié% My CTRESFedBl t is shown

in Tabhe 1.r{EXaNPl e 2)e APOLYERE 2 HODE 9i19@éﬂ9§ra@b§méan§§e%9@é sgxazol e
(12 wt. ~) having an intrinsic viscosity of 27 dL/g at 30C, 30 nmeasured

usi ng a net@ahsped opnd a@tdl@b$u@@bﬁbemhap@lgpﬁb@@harftbat$dbzoamau@fng 880
of phosphor r cri bed
above, and t eﬁﬁgégfg ? flfanen¥@§i§g%€ %? %@g ﬁgﬁﬁﬂggﬁ S f& t%%§ The

wound fi |l anentcaesedi pped f@la hat &r hel di by an§o¢ﬂtk@@wmfmethods

3-amno-1,2,4-triazole (500 g).in water (10 L) at 50C for 5 6 hours, and
dried at 80C for’2 Hofr elﬁh%afé%ﬁl¥ah?o i | AankRPVARORTIHPBER ef2PBIE st or age

test ygder ﬁQk QP%&& 8£?hbg) %pg§é§turg @%%pe g@ 2QUML i LYo dhepfesult

is shown in Ta A pol yner
poIyparapheﬁybenebeaz@bthexwgblES(JQrMﬁd~;nhavfﬁgtahyihheinsedleiscosity of

29 dL/g at 30C neasurg §S|nglggnethansulfonkhogC|d soLutlon

polyphospho??%c%%?% con hlng = %%p%orus p%ﬁtg% Fo puhCB %n in the

same mannermashéescsot bied ab@¥6ho@ndsiﬁ@ aSbiﬁaattanbtﬁekangat fé150ﬁay) was
wound ont o a bobbi n. _The wound filanment was dip in a bath holding a

sol ution of?g, @aﬁ?pﬁ@n?b@u@ﬂ?ﬂ?ﬁ%z?§®begfliﬁm%EE§098 t29 E?u%fb@@@?%6r 10
hoursygand gdeiggdgat 80C for 4 hours. The resultant filanment was subjected
to a storage test under an 20 atnosphere of high tenperature and high
humidity. The reﬁuetfeétsm@marialiabfetne pExaept einvinpipol gaerbdope of

pol ypar aphepyl ensbenz obi;s§xa7ol £ (121 s "LofiBY1 09, 3"ch U P05 S, YL 38081 1Y

fibers and different fibers. It is effective to increase
the blending percentage of the polybenzazole fibers, when

25 the felt material is demanded to have higher heat
resistance. The weight percentage of the polybenzazole
fibers is preferably 50% or higher, more preferably 80% or
higher. When it is lower than 50%, the excellent heat
resistance and abrasion resistance of the polybenzazole

30 fibers can not be fully exhibited. There is no particular
limit in selection of the blending method, in so far as the

felt comprises homogeneously blended fibers, or comprises a



25 measured using a nmethansul fonic acid solution, in polyphosphoric acid
contai ni ng 880 of phosphorus pentaoxi de was spun in the sane nmanner as
descri bed above, and the resultant fi-ament (1,500 nm) was wound onto a
bobbi n. The wound filanment was dipped in a bath holding a solution of 30

1, 3- bi s( 2- benzot hi azol yl ) guani di ne (500 g)s i n acetone (10 L) at 50C for 9
hours and dried at 80C for 4 hours. The 31 resultant filanent ~~-~as
subjected to a storage test under an atnosphere of high tenperature and
high hum dity. The result is shown in Table 1. (Exanple 5) 5 A polynmer dope
of pol ypar apABhppEheBehasbngokdeoPs Pepewielsd) LaEerAgWRhchnBFENBRES
visoos 1y oLeBBrdtloyabs 30y cipanul e0nUoLNaoanIPLhBRIUL! ARLE BaLT SO ution,
in polyphospﬁ Fie acid contal nin osphorus pent aoxi de was spun in
t he sane napoéybaszdes¢5|bedeabovandasdchhéelﬁsresalmamdabﬂbanent (1,500 m

was wound onto a_pobhi The wou nt ma p i.n bat h hol ding a
ST Ut on of 2= ( STRGAEBL}- BEERERGF pheHS! SBEAIDER 201 SUEE06 BRI acet ong
(10 L)sat SR&iherih bAHrstrandtdr kednahr80E EQboéeBOHBSanTBEmbgﬁﬂbEént
filament was subjected to a storage i5 test under ar_ atnosphere of high

t enper at ur ec@nbithghennararuye Fng hégbl bunddihgwnsiACTabFeceMPEERAADI € 6)
A polyner d e z ( vi ng an
intrinsic v?§§o§5%98£¥9§§8§E/gxggggogﬁ%gg %gégu?%§ ué§ﬁ¥£a8£ ansul foni c
aci d soIut|eﬁrengtpobyphosphetlex@csddcoatahna5908§hetephﬁsphghus

pent aoxi de was spun in the sane manner as descri bed above, and the

resul t ant fF?@Hﬁﬁ?tPEGSBBdn¥lﬁéshﬁﬁaﬁétBnP8€5 BobBRA. PFR&CR0AAd TEMPament

was dipped hp 3 PQEB190|ghQQaBréthB'QESQEtgﬁcQUb@a%HE'@@1% fizdiong1(500 g)

in acetone (10 L) at 50C 10 hours, and dried at 80C for 4 hours. The

resul t ant fuhdﬁenanmagmsabheCEedftblahshomagetVess mmdepvad,awhmsphere of

hi gh tenperat re and umdity. The result Tabl.e

(Exampi e’ 1) % 81 S RePOa8pRTS tRor YBAP ABnbhol GAEBeRT 0B S6RAzoRE (1T 32

'0) havi sgsBhiohnhetBsiealvisapsityngf tB8 dblg attd@Calneasured USIng a

thansulfonlc acid solution, in poly Ehosphorlc acid containing 88= of

phosphor us ~ent adRPdECRASSSpANTRACE AL SaRETRARASP Jas aeBEr YBEAZABEVE, and

the 51593U|E§BErE'E§”€HE g%eégﬁtnan@ﬁtQ%Huagyoego §o@999an1nTaﬁ wqe@

filament was dipped in a bath holding a solution OF pyrazi ne ( 8

wat er (10 L;uah BeCuhoditéchoonsllgndednifedcatl 86Cetorls, hpaesdowhélc

resul t ant Ianen .was subj ect ed tg Btorage ggs% under _an at nosphere of

5 t? Pt o

hi gh 10 te awgpa &°BRdhi gR™AtRG The®res s TRGWATI ACTabY e?1Y
(Exanpl e 8 »rAtpekyfeetdong ebspakypacaphenygbengbenzobssaxazphentl2 w . o)
having an intrinsic viscosity of 28 dL/g at 30C, 15 neasured using a

met hansul f oRPE1&Er dSYBRt EBAINPRTHBPY BRESHRGFI 6USRI @ScEREaPAPNEERB+ of
phosphgr us QﬁBt68ﬁbgﬁlm?§r§BH@ LReLhE <8RRT,ARAREN 138 sdegCLLbed above, and
t he resul tant | anent was wound onto a bobbin. The wound
filament wapodivppeslienea bafhrhobgilrgeaasdl poilgamafie2@ansbeyanadi.-c aci d

(500 g) in DMF ( L) at, 50C for 9 hours, and. dried oC far hours. The
Fosul Cant |11 amenfeuks 8o, SRPed SiB0n e oPAgUPEREE Gatel 16R LBt RbsOREr o of

hi gh tenper gtdgen&ndnkieghiBunmediet yrothaecHesdl sihglshewa sicn yaabkeok. 25
(Example 9) A p 0I¥ner dope of pol yparaphenyl enebenzobi soxazole (14 w.~.)
havi ng an i GPEPRsFEOVPIY0YRERSoNPAONdEF§ BEASOE thedstied GYiRGLRT
”Ethaz%u'f0H58h§ﬁbd $6! ¥hiQly BnpobyRhesRNeLiG [Aei dcoRtahning §8a of

phosphorus pentaoxi d
twist coeff1c1ent is sufficient to be 350 to 2,000.

The twist coefficient K = Tw X (Den/p)l/2

Tw : the number of twist [T/10 cm],
Den : total denier p : fiber density [g/cmﬁ
30 To improve the adhesion to rubber, the surfaces of the

polybenzazole fibers or filaments may be subjected to

corona treatment or plasma treatment. Otherwise, a



30 was spun in the sane manner as descri bed above, and the resultant
filament (1,500 m) was wound onto a bobbin. The 33 wound fil anent was

di pped in a bath holding a solution of aniline (500 g) in water (10 L) at
50C for 20 hours, and dried at 80C for 4 hot;rs. The resultant filanment was
subjected to a storage test under an at mesphere of high 5 tenperature and
high humdity. The result is shown in Table 1. (Exanple 10) A pol yner dope
of pol yparaphenyl enebenzobi soxazole (13 w.0) having an intrinsic viscosity

of 28 dL/g at 30C, .10 nmeasured, using a nethansul fonjc acid solution, in
00l yphosphof PEPIEPE EBAEALHENt . BB-tHE BHEEPRBFUS TpbhEaBRl dB=RAE 286N in t he

same ”annerf§§e9§$65i?@Qaﬁ@ﬁ¥§1oén@héhgu%gﬁééF@@ttEE|ﬁgﬁgbeﬁ%aégge”) was
wound onto a bobbin. The wound filanent was dipped in a bath holding a

sol ution of fibepygrpdi AelaBOGty) traatadewifhochbyone B¢ ber apPlhedr 0 and
dried at 80C Egr 4lhﬁuB§a TTe e ultan% fiﬁaﬁengsmas %u?h$§~ed to a_storage
test under 3H atﬁSsK ere?sp ﬁigﬁ Fgﬁpg aFﬁ 8"ah higﬁ hari P?§. TRECVEsul t
i's shosn inthabhahésidfA ¢EompBhaki vehExpoplBeh}ahopel ¥ibverdope of

pol ypar aphenyl enebenzobi soxazole (14 w.% having an intrinsic viscosity of
28 dL/g at BbEamgBhsuPed BSi AgPacrEERaRSuPf BAPR1AEI §T88LBENSN, £ the

pol yphosphotig.achd geahahni BY88511 001 nBNESRNREUSERLA0XI dcd? was spun
in the sane manner ~as escrlbeg above, and the resultant filament was
washed with(daten apdedonsediape86CohiorfdahoapsxyThesiesul tant fil anent was

subj ected t? a storaae t est .under ,an a%nnsg?er% 8f.hi$h tenperature and
hi gh humidi t§] TRe*HBEAFE PESBRORMTNCTaBl 8125345 FYBPE 2 Tensil e
Strengbh Retent kanaguExasphesp8sExanpbe 384ExBap! ea882Fxanpl e 480Exanpl e
584Exanpl e 685Exanpl e 785Exanpl e 884Exanpl e 982Exang|e 1080Conpar at i ve

a

Exanpl e 145 (PExanpleuid) maAxgerenef dopesercpsl-fpanaprenyrensséarobndorazol e
(12 5 w.0) BBKE?glﬁgeanﬁ%ﬂ§ic viscosity of 25 dL/g at 30C, neasured using
a met hansul fonre acrd sol U on, in polyphosphoric acid containing 88 of
phosphor us penhaoXi deewasebodngdlintoda helnbki kecontienei brt he sanme manner
as descri bed apove, ,and the resultant filn}hike matter was 10 di@ped in a

bath hol di ngPBP$BREEPBN SPTaRTRoghaAPdPRe™BitE4PHEASERIEI 66°GF™FR twat er ( 10

L) foisl m puihgriv@shedwwi bh water sapdsdri ednat 80€atehg4mBeUbss Theo
resultant filmwas subjected to a storage test under an atnosphere of high

t enper at ur emakdPRi gArkaredity. The result is shown in 15 Table 2. (Exanple
L2) A LY SoRReoL gL UEaLaBTE"Y L BUEOSHIODLR KBNS LBk oS o
sol ution, ino2@rpokyphdéspherpeecaentd dcantaitnbng &8 gknphadpkhopusvpertiaoxi de
35 was forngg kﬂﬁ%t?ngikﬁélkg yEE%ESEoEQ %q a%gn Snggngrb%%id, and
20 setting hard the braid with a thermosetting resin such as
an epoxy resin. The braid can have an optional diameter
according to the size of the filaments to be used. In view
of the ease of handling, the diameter of the braid is
usually 1 to 20 mm. For example, when 16 strands each
25 having a fineness of 3,000 denier, made of the
polybenzazole fibers, is made into a braid (with a total
fineness of 48,000 denier), the braid has a diameter of 2
mm. When a braid has a total fineness of 752,000 denier,
the braid has a diameter of 8 mm. The diameter of the rod
30 set hard with the resin varies depending on the amount of
the resin applied, and it is generally about 25% larger

than the diameter of the braid.



descri bed above, and the resultant filmlike matter was dipped in a bath
hol ding a solution of 3-amno-1,2,4triazole (100 g) in water (10 L) for 1
m nute, washed with 5 water and dried at 80C for 4 hours. The resultant

fil mwas subjected to a storage test under an at nosphere of high
tenperature and high humidity. The resultyjis shown in Table 2. (Exanple 13)
10 A pol yner dope of pol yparaphenyl enebenzobi soxazole (12 wt.0) having an
intrinsic viscosity of 25 dL/g at 30C, neasured using a nethansul fonic acid
solution, in pol Ehosphoric acid containing 88~ of phosphorus pentaoxide
was formed into é B pmllvorazageter filkethehegive Aamneengstisogssetiebed
above, and | = fid m L er. i.pp i t ldi ng a
sol ution ofEgggggggﬁ%?gtangqFf0§§§%%%% 6&&%?fgoﬁ)%?8raf%n?%u?ég%ﬂashed
with water agrd®dthede ahB80CGhiortde hohiests Thempessbt ané ol pbaasasabgect ed
to a storag%,hest ynder gn at nosphere of _high 20 tenperature_and high

humi dity. ThéPPESURPR PS SRBRA PRETEBIFECE10PELEPEETL4) RSHoIN TR EdoPE of

pol yparsaphepyl engbgnzahi $9xazabe (b4 W) PRXi 89c8P LALTHPSI RaVbsgosity of
25 dL/g at 30C, 25 neasured using a nethansulfonic acid solution, in

pol yphosphoregquasied §@ﬁﬁagﬁhmgwag€hoﬂepﬁ§sﬁﬁoﬁ@@ pertaoXi demias tflogned i nt o
a filn}likeinagter i,n hﬁ sa man erhastdes%%igﬁgi%bo%%, an% t he resul tant
filmlike naPFeFaﬁég 8|p &d n §“Hat R ﬁglérng 8 sorifi oh 8POpyrazine (100
g) in 30 wakericl@nky.f owhinmichut @civdshedceictll waten andndyi edeat 80C for
4 hours. The resultant filmwas subjected to a 36 storage test under an
at nospher e éPPEEGR2tERPerat tRE &RESHi YA ThuRi ditByD THe 2FESFILIE SESRHRE i n
Tabl e13. ( | e ) p r do f lLypar,aph I e isexazol e
(12 5180 Pl ey s A R e P, e e S s RS Teasur e
usi ng a net pargul fonic acid solution, in polyphosphoric acid containing 880

of phosphorus pegéaogige wag f%rned LELO g filmlike matter t.he sane

manner as descri b8d apové, Sang -t RESFésdi-E ﬁy P Pre et éf ﬁé§’dipped in
a bat h hol dikag t&esolfubiror, ohoguivbazl ifagra 4dinene (RO 1g9ke Rhaeet are (10 L)
for 1 mnute, washed with water and dried at 80C for 4 hours. The resultant

filmwas subpéehedbeoiaterseagdonsseiufdérmsntat sosptidredot singh
Lerpenstur e S ML coTie KO rlset e gl 2enBrarm < 10
like. The strength of the fiber sheet is at least 50 kg/cm,
preferably at least 100 kg/cm. When the strength is below
50 kg/cm, the effect of reinforcing cement/concrete can not
be obtained. Generally, cement/concrete is reinforced with
20 the fiber sheet by simply winding the sheet around the
cement/concrete, or by sticking the fiber sheet thereto.
Otherwise, the fiber sheet under a proper tension is wound
around a bridge pier and bonded thereto, or is bonded to
the base of a bridge. The fiber sheet of the present
25 invention can be applied by any of the above methods.

The high strength fiber ropes of the present invention
are made of the polybenzazole fibers which are manufactured
by the above process, and the breaking strength thereof is
as high as 1 GPa or more, preferably 2.75 GPa or more,

30 still more preferakly 4.10 GPa or more. Ropes having a

variety of structures can be manufactured from such fibers

by any of the known methods. The resultant ropes have so



25 wt.o0) having an intrinsic viscosity of 23 dL/g at 30C, neasured using a
et hansul foni ¢ acid solution, in polyphosphoric acid containing 88% of
phosphorus pentaoxide was forned into a filmlike matter in the same nmanner
as descri bed above, and the resultant filmlike matter was dipped in a bath
hol ding a solution of aniline (100 g) in2mter (10 L) for 1 mnute, washed
wth water and dried at 80C for 4 hours. The resultant fil mwas subjected
to a storage test under an atnosphere of hi gh tenperature and high
hum dity. The result is shown in Table iEx le 17) A _pol yner do e of
poIyparapheﬁ?F%ﬁéB@EZGBF§9k5%BVeaFlﬂ §9nﬁf Sh 9Pﬁ§haﬁ FﬁPF HEi € §605|ty
of 26 dL/g gt ﬁggé,”ﬁﬂéﬁé?9b9§'@9°aa@§EPaB§EBE@8'GoaﬁtﬂoéﬁhBEbgnof'n 37
pol yphosphoric acid contal ni ng 88% of phosphorus pentaoxi de was formed into
a filmlikehiraht eemparahersanendahngh hsmddstyi bedrabewg, pandotikeorfesul t ant
flln}llke ngtter was di pped in a bath holding a solution of pyridine (100
in 5 wat 10 L) for 1 minute, washed with water and dried at 80C for 4
hours she resul taat khi ke pRsogubkeetedrt enha ptrekage tasknundar aan
at nosphere of high tenperature and high hum dit The result is shown in
Table 2. (CBaparafi venERarprewyenrofabpdrynef agsep@ﬂybenzazole fibers.
pol ypar aphe e bj.g0 ol 2 sity of
D5 ULig At 306 Comalaredt s ag S R ASREArT arcoac Y saf uPTan [Raoes
poIyphosphotwmlacwdavenaadnonge88weévphoﬁphoomdlpemyadmbdecwas Pdauad into

afilmlike natter hn t he sane %gnner as 15 degﬁriged above, . and t he
resul tant fIPAVEI kBPFatFePTRaBrfaSheani FATRAL §%4rred atesseftarea

hoursggThe 5@%5'Eanghﬁ&knb&ﬁ%hgthggheﬂna@eap§gefag@rE@§ﬁaHe@eEaanbe
at nosphere of high tenperature and high humdity he result is shown in

Tabl e 2. 20real38zefabl éhe>fTonseke Sfr&hgt hoRebentcrsnleUfErampl ef this

1767Exanbl o 1860EX GNP & TOORXANRPE 208BCORRAT B FUA EXaNpr e 340 AL TR

apparent fraaviabbkesotsagd BuchheopoEybeneasoﬁebérbamakés1an@oéshbﬁe
i npregnated with the basic organic 5 conpounds have hi h,strﬁ
ret ensi ons GAdEFNERECarABEpKBLECOPTRP hpﬁéﬁﬁépépﬁﬁes ahd1Ri ghs unldlty

(Exanplse 181m50995MHE&hgep%hefngangaagpbgaxeee%beﬂéoab%@ﬁa%ab%1616fwm 0)
having an intrinsic viscosity of 30 dL/g at 30C, 10 neasured using a

met hansul f ohésaéhdessliani oA, 3pan®h§¢ﬁés@mochm9éﬁd poatairabay 84. 30 of

phosphor us entagﬁﬁde was extrude ozzlg havi ng. 166 hgles wth

di aneters of “0"F8“nni"at °178C Fo fgpﬁpflﬁanen Stan 5nFesu 2Rt fllanents

were then dtnpegaknsaoﬁltsb washiiag tdhdbabhmeliecBowas aso sh@catednthat t he
filanments could be conver at an apgroprlate g05|t|on into

a
mul tifil amekBit Sn8r88¢|8? Hmaﬂcﬁuéﬁ hRehaRBePPkds FFovi d8é§ PRI8RtaPt gap
bet ween thernezzherapd ithe ¢fd rg'S/tInZ\A/@§hmege tﬂ},ef%qa@ﬁyt a® et et here,

filanments at a nore uniformtenperature. 0 quenchi ng t'enperature was
60C. After thawvhitherange, excellent knlfe proof performance can be
exhibited. The fabric to be used in this invention may be
partially or fully coated or impregnated with a resin. The
knife proof vest of the present invention is made of a
25 lamination of such fabrics, or may be made of a plurality
of such fabrics integrally sewn with a high strength
machine sewing yarn.
The bullet proof vests of the present invention are
made of laminated fabrics of the polybenzazole fibers. The
30 texture of the fabric may be any of plain weave, twill

weave and other weaves for ordinary fabrics. Plain weave

fabrics or twill weave fabrics are preferred, since the



39 pol ybenzazole filanents were washed with water until the concentration

of the residual phosphorus in the filanments reached 5,000 ppmor |ess, and
were wound onto a paper cylinder wi thout drying them The takeup rate was

200 5 mMmn.,; the spinning elongation nultiplying factor was 40; and the

wound filanment was 1,500 m The fil ament 2tshus wound had a fineness of 1.5

dpf (denier/filanment) as a nonofilanent, a dianmeter of 1.5 ~, mand a

noi sture regain of 50.. 10 The wound filament was neutralized with a 1%

aqueous NaCH solution for 10 seconds, and washed with water for 30 seconds,
and agai n weBhEUbBAt of athesf abtschodbihy wihbtt WryFRghehes shhePCTRePWBund

fil ament ha@'oaaepié%grﬁigﬁgﬁglmgi PPk £ Ther voundn Ll ament wasedippedsin a

bath hol ding a 15 solutidon of am r~oguani di ne hydrogen carbonate ?30 g) in
wat er (12 Lyhatpahybediaacyet Enperatafetii28Cinfent Bohouss], ahd tther oenoved

fromthe bath and dried at. 80 or,, 4 hours. The concentration t he

resi dual ph gﬁﬁﬁroﬂgegﬁﬂggﬁﬁiéh&iﬂt?ﬁeoreiﬁV?ﬁhta?al H%n?sﬁe?i ﬁ%ﬁsured. As
a 20 resul tpothge£ORESNLT 81 HORS Of i PROSPBAT HS1¥RASt 3n8A0s PPt k@8di that s of

sodi um 2,3%0 ppm The nolar ratio of Na/P was 0.82. The f-lanent had a

strength retenttbhevt B6JAfperleherspof agerfesnanader AR 4Bndsphere of high
t enper at ur e, ] Ldity. 1 e _pr d - @ the step
of washi ng 5ﬁ%§f€%gﬁzg¥%}et$¥l%ﬁ@%%gﬁggﬁkﬁgtgérgﬁt?ﬁ ?ﬁg g%ﬁgggtéétion of

t he resi duathphospherntusorneacbedd5H0000 pparos/besanand Wesdl ngThbhe sanme onto
a paper cylinder w thout drying was, 30 repeated jn the same nner_as in
Exanpl e 18.W?h@hﬁoﬁﬁdt??lgﬂ%ﬁ%gth %gatngWzé&Wﬁﬁqﬁ@iﬁ??

sol utign fop, /40 sgcofds:h andhyashed wdh watered Pr30r Al Sacands, cand

again wound onto a resinous bobbin w thout drying the same. The wound
filament hadeareslstade rEpai hubteb0pFoTheveetndif thaneneseas di pped in

a.bath holding a solution_ of 3-am no-l 4-1riazole ) £l er (12 L)
5 at an ordiHargtESimer afane o00) rbinSthshr 82 EhE tREH ShBrEERT h the
bath and drined Bt 80€efor #dnbosbsveThebeoosenhtayiransyotet/hewt esi dual
phosphorous and sodiumin the resultant filanent were neasured. As a

result, thehéBRcBRFPAFFBNMBFNPABSPRBINE WAE"3, 600 ppm and that of
15

BEST MODES FOR CARRYING OUT THE INVENTION
Hereinafter, tThe present invention will be explained
in more detail by way of Examples, which, however, should
not be construed as limiting the scope of the present
20 invention in any way. Needless to say, modifications of
Examples within a range adapted to the gist as described
later are possible, and such modifications are also
included in the scope of the present invention.
The measuring methods in relation to Examples are
25 conducted as follows.
(Evaluation of Strength of Filament or Film
under Atmosphere of High Temperature and High Humidity)
The strength of a filament or a film was evaluated by
measuring the strength retentions of the filament or the
30 film found before and after a storage test under an
atmosphere of high temperature and high humidity. This

storage test was conducted using Humidic Chamber 1G43M



10 sodium 2,000 ppm The nolar ratio of Na/P was 0.75. The filanent had a
strength retentlon of 87~ after the storage test under an atnosphere of

hi gh tenperature and high humdity. (Exanple 20) 15 The procedure up to the
step of washing a pol ybenzazole filanment with water until the concentration
of the residual phosphorus reached 5,000 zzpm or | ess and w nding the sane
onto a paper cylinder without drying was repeated in the sane nmanner as in
Exanpl e 18. 20 The wound filanent was neutralized with a 1o agueous NaCOH
solution for 10 _seconds, and washed with water for 30 seconds, and again

wound ont o B2pBEBGEUFESi R¥uEaBabsi ha@RKHENOR - dr §i hylPREREaRE. 2The lhound
filament hagdognoLALY" & 5@9@%8&&9%&89' a&sﬁatgz Hrpaeew gasdigni ne
(2.8 g) 25 and p-phenyl enedi am ne (1. I'n water was poured into
an appar at usnshbanappnaFagus4, &hd BDBaMBGnd Wabanentlmasup&y ppetrhéed

sol ution, mhlch mas then circul ated at an ordinary tenperature (20C) for 24
hours. ThenfOFhiO08ofayFoRndas PBpRARBAPREER Bhreé WAFBRI25HAESt AE Bdre wat er

30 wasccirc ted r ergbure (20C) for one hour. After

5 Hhé gd at 120, er diRanYy 8gb (20Q)
that, the wound flﬁaﬁenygmag rgn%geg?fron1the 41 apparatus and dried at
80C for 4 ho8tsendhk Beteuktavnons of the liquids were carried out while an
air was being sugglie i nt e_.con trations of _the residual

|
phosphorous and $8di @ Fﬁggﬂé séﬁ?éﬂ?mﬁppaﬁﬁHPgeBﬁéPﬁen@ﬁgu?ggerAE a

result, thesE@Bﬁ@QtEéEtOHn@ErpBHSQBﬁbgéhé@§ &£980npPM randethabraf agqdi um
760 ppm The nolar ratio of Na/P was 0.54. The filanent had a strength

retenti on ohigh hﬂmédltﬁewgr©r§9é5U§§d whdkr aaheasiospheseest (RTYRSO
tenpergture y the step
of magﬁlng agggFgggQ£§§o g % Faég %géggﬁhﬁg é% gﬁ? Eggﬁgggggcﬁgt?g§lon of
the residuaLlpbesphadusheeaechedlb, 880epprhofohassagndrwitndi sgothgesame onto
a paper cyllnder W t hout drying was, 6 15 re eated in the sanme nmanner as in

Exanpl e 18. t€Fhe"@&BuRdVEPrdnedt thEas I ReGE Al FZBAL WPt ATRSRI58uéBHEINaOH
solution fopet@rseenndsroandeWashed wrhbh waterqtar 0380,se¢ondgasand again

wound onto a porous resinous bobbin w thout drying the same. The wound
filament hadeéeﬁﬁﬂ§€dréP20hﬁegamﬁ BhNGEe0. aA §bDM?vonséﬁgnﬁpﬁémyﬂénééﬂanlne
(2.8 and hen i e (1. qur d | to an
apparg us s g&ﬁ ? Yi gg%958@;§d % %lglh OFm?anen%%é %%l nen tﬁg solution,
which was thgn circul ated at an ordlnary tenperature (ZOCD for 48 hours.
Then, the 25 solution was replaced with pure water, and the pure water was
circul ated éEvahuetdbnapﬁ DenpeaaEUﬁe czoenrgtbr uoderhdtmospheee thiat, the
wound fllane t Eai anE dmge gpgaratu% ?nd dried at 80C for 4 hours.
The C|rculat|6ﬁ FrPRE® Pﬁﬁlag FENCHPPEATE0t while an air was being 30
supplied into the Hequedse Thetreneemrthathobs affﬁmeméﬁslduab ﬁhQﬁphorous
and sodiumin the resultant filanment were nmeasured. As a result,

concentr at i BRIGF an4?tBH68Bﬁ6?u§fmﬁégT 560PppA- U aRd2PHaf Ef §HHFGHFY290
ppm The nol,gas £ahiQa0EaNBEPrWASoRs33tnEhe;fibharen,ohad ansbrgngth
retention of 92% after the storage test under an atnosphere of high
tenperatureraﬁdnhughbhbhidiwythSa(Exampterzgf TRecpr esedusemppet pashe step
of washing a : g benzazole | apent _with oncentratlon of

h
the residua pﬁBruschgéﬁgﬁr 886 AP gr Fggsagnatﬁﬁ §SFREUSEme onto

a paper cyl badehiwht Aawt ddryi ngnagehbveapeabadthd tbﬁt%@ﬁ@r”&ﬂﬂer as in
Exanpl e 18. The wound filanment was neutralized with a 1~ aqueous NaCH

sol ut Fen f oPUR0esEEENES, 2aha fadRed Rt Atwat EPOFOFeBDs8EUREs, ARG again
wound onto a.peEgus Eﬁskﬂguét?gﬁekﬂ w&tﬁﬁgtsg %ﬂ@gwggee%ﬁnﬁatgaebﬁgg
filament had a noisture 15 regain of : uti-on of m phenyl enedi am ne
(4 g) in mapertb@ZStremashpoatedtﬂQUOOéntappaﬁap&s shéwnive Eogths, and the
wound filanmept was,p in th vas t hen C|rculate at an
ordi nary teRpEPABaPe LPS6ee Tl 5PURE RaarEe"Then = PRa o 6e ko WaS PRI aced

W th pure watebspl@randft R gpuken &atuw@sa@u~ﬁ@ghahaﬂlaht@n oneli RARY

tenperature (20C) for one hour. After that, the wound
30 regard, the storage test was carried out under an

atmosphere of a temperature of 80°C and a relative humidity

of 80% for 700 hours, using Humidic Chamber 1G43M



filanment was renoved fromthe apparatus and dried at 80C for 4 hours. The
circula~ions of the liquids were carried out while an air was being
supplied into the liquids. The 25 concentrations of the residual
phosphorous and sodiumin the resultant filament were neasured. As a
result, the concentration of phosphorus was 1,400 ppm and that of sodium
280 ppm The nolar ratio of Na/P was 0.27. The filanment had a strength
retention of 950 after the storage 30 test under an atnosphere of high
tenperature and high humdity. (Exanple 23) 43 The procedure _up to the
step of masﬁ?ﬁﬁféchF§§eﬁia¥émé Pi Karekisiier hWirafer Wast PRrfRetédncent rati on
of the resi dy3kipaAsRROLUS 1heachedaar00019BRKOL ol B8 s MiBdl Bl he same
onto a paper cylinder wthout drying was 5°repeat °n the Same manner as
i n Exanpl e t8ntaheewound fil ament was neutralized with a 1 aqueous NaCH
solution for 10 sgconds, g washed with water for 30 Eeconds, and again

an
wound onto a por8_§ PESPREN Sﬁﬁﬁpﬁlﬂptﬁéﬁtd&F?FWQnFﬂe §aW§?S?ﬁénﬂ0§_&.
filament hadeasApLsturenl®nkegai Rnaf saB1eArsahut baroek AnBharykenedi.am ne
(3.2 g) and p-phenyl enedi"am ne (0.8 In water (12 L) was poured into an
appar at us shoemaiga Fegt,5diaadinke tWeundnftiilamentenashpdound ei¢egoltirei on,
whi ch was t irculated. a n I, nar a ( fo 8 hours.
Then, the 1E%§5%8Figﬁs%agyré8 aggégﬁ%%hgg%gggﬁétggpﬁgnégg%gepﬁpé wat er was
circul ated atoaager diesaryahednpelatbleina0Chef auoonenhobr. 1ADLer Thieat, t he
wound filament was renoved fromthe_apparatus_and dried at 80C for 4 hours.
The circuIa@?éﬁgrSWePﬁeoﬁiGﬁﬁd§eﬁéﬁéec§FF?86t8§tW@ﬁiF@ngﬁcéﬁﬁ WwW&s eePng 20

suppl hed intanthe.l kauids. (Aheseeneepbnalrhens b Lhesipgibgual phosphorous
and sodiumin the resultant filanment were nmeasured. As a result, the
concent r at i 6AREORAAGOPhor ascaaslihg2@0 ppm rardethat off J38-UAM01360 ppm The
nolar ratio ﬁf Na/ P wag 0f4%. The fil anent hgg a ﬁtrength 55 rretenti on of
93 after thd“SEGPEGEPEsP TuNRBFERFTAETEEpher ENGPPRPGH St 8mpEPEtie and hi gh
hum dity. (Exanplieiz4) ihheipeeecadune wpbke)the step of washing a

pol ybenzazol e filanment with water. until the concentration 30 of the

resi dual phosphofti§ FEREREET5LA0D0 PEmMEEE FesdHad REREPRGTONE <&mé onto a

paperl%y'i“QQ&aWEg%OBF dryispg vas repealed LAst he.sameqameRney asiiRdExanpl e
18. 44 The wound filanent was neutralized wth a 1 aqueous "NaCH sol ution

for 10 secontspiand wasied iwittly ingt aéhef sendlesewdnds @ dddoagaicernwodnd ont o

a porous resinous bobbin wt ryl he sane. The und_fil nt had a
mol sture 5 FEaPRoCEBH0 R doraePal DR e Breny FEredaYe 2800 “and
p- phenyl enedhanmicoeceht2 @) onh owatle 12 ik aWasoReume thalsNte adlirapparat us
shown in Fi 5, and the wound filanent was put in the solution, which was

t hen circuIgb@dn&PtéﬁnoﬁGKﬁaﬁﬁip@nﬁ@ﬁéﬂﬁﬁé-(20C3 for 24 hours. Then, the 10
sol utib,gn wasyuerlacedpw th, an aqueous NaOH solution with a ratio of 0.0l

nmol /L, and ﬁﬁé aqueous ﬁacﬁqsolution was circulated at an ordinary

t enper at ure (20Crhkomodséureuregafinewatshate,l cuie twoudd ofv [tauee me iwas Wénoved
fromthe apparatus .and _dried at..80C for 4 houyrs. e cjrcul ations. 15 of the
|1 aui ds ver 8 Er Fr £ LGAE I o TAR°%1 FOREE BRIRG Ssupm FRd L 6 Ehe R qui ds.
The concent watiigems waf ot be tesi duale FhoSRRAOWS andesodiowmd B rithe resul tant
filament were neasured. As a result, the concentration of phosphorus was

|, 400 ppm &FFiNFat 36FOoFEdingmtol 3 eppml 1 Pie 20 Sriiedr ofat | 3 6f AP Ywas

I.25.2 he fil ament Qag a_ tr%n th reten%jon o% %% aﬁ:gr tQS Eborage t est
under 2h at HGSpREFE 16F RiGh “CemtpePaRie Sid mitgh Rum GPEySTEERERPre 25) The
procedure up to MpessheRr ega@ashi®g & (wo - Wi)/wl X 100
(Measurement of X-Ray Meridian Diffraction Half-Width
Factor Hws)
A goniometer (Ru-200 X-ray generator, RAD-rA system,
30 manufactured by RIGAKU) was mounted on an apparatus as
shown in Fig. 1, which pulls a filament under a tension,

and the stress dependency of the width of (0010)



25 pol ybenzazole filament with water until the concentration of the

i esi dual phosphorus reached 5,000 ppmor |ess and wi nding the sane onto a
paper cylinder w thout drying was repeated in the sanme nanner as in Exanple
18. The wound filanent was neutralized with a 1~ aqueous 30 NaOH sol ution
for 10 seconds, and washed with water for,30 seconds, and agai n wound onto
a porous resinous bobbin w thout drying the sanme. The wound filanment had a
noi sture 45 regain of 50. A solution of m phenyl enediamne (2.8 g) and
p- phenyl enedi amine (1.2 g) in water (12 L) was poured into an apparatus
shown in Fi gifsraghdonhédiwegndaki demenminas - pullhenaprherssigt Wes, which was
then circulated at 80C 5 for 8 hours. Then solution was replaced with
pur e mater,ogﬁaagﬁg BﬁrénmﬁPépuﬁagfcﬁpcﬁﬁ geggitmgn 8r8FH§F?tFeﬁﬁ rfure

(20C) for ong Rout ALt ehrbhat pothe jwaurd Hiklkament was renmoved fromthe
apparatus and dried at 808 for 4 hours. Thé circulations of the |iquids
were carried 10 dbe dhififeaanianr indaenbeitygwegppkiceddent ont he LLinggilids. The

concentrati ons, of si.dual hosphor.ous and.sadi umin.the resul tant
DUt oo A e A b L LSS veg S
900 ppm anghkhat r@fa8@dioumi n2@B spRM rike raekbatakat-kadol;iNa/ B wagi@a30. The

filament 15 had a strength retention of 920 after the storage test under an
at nospher e Bf chipghniappeprhyr d PAKe YRIIGH marbdpeyureExRyplEC26Y-TPhe -

procedure up .t tep of i ng .2, R9lybenzazale fil agent w.th er
until the cgﬁc ﬁ%?gfgoﬁ Sgaép%?%eQrgspgual phosp%or&sereggheég§,Ogggppn1or
| ess and w pdorfidglehecsave dataiagpaper coypdunded wiyt keuhgdeyisygthas isepeat ed

in the sane nner ,as.in anpl.e 18. The_wound fil anent was ain nd

ont o Oporoﬁga?egﬁﬁﬁﬁéaﬁogﬁpﬁ CChéne Gr yPhgn ﬁefgggg}o?he R%%n&? g&%s
filament hagezemistitee redailval t230@neAstekidklean aphb1aRberyl enadi am ne (2.8
g) and p-phenylenedianmne (1.2 g) in water (12 L) was poured into an
appar at us séwamentri gThe, sapdst B¢ wWhendatil aewst liasapdty i lohedsokad on,
whi ch was th i_rcul at t ordinary te I r r ours.
Then, the sgﬁgtl8%%wg§dﬁgpﬁggggrhﬂg%ggu¥gSwgpggi%gﬁg %%g%%&%% ﬁéégﬁgﬁgs
circul ated aff aheordiigamgnt 4G terpepatuyr.e F20C) 2f ehoere ahowkampfliter £t hat ,
the wound fil ament was renoved fromthe apparatus and dried at 80C for 4

hours!>The &PFcEFaPIoRSTof"EhEa 4G d&Swere carried out wh-le an air was
bei ng suppl ijgdaisit-@miche birdwads o rThe 5 chaneentbiraiicaRsuaht _ze residual
phosphorous and sodiumin the resultant fil'ament were neasured. As a
result, the OsAaeameitavrinon of phosphorus was |, 700 ppm and that of sodium
0O ppm The nol ar ti f /P The ti.lament had.a r th retention
of 890 after theTé%oFE %rfgﬁﬁegga%# gP gﬁ g?ﬁﬁgghew@‘%P ﬁ%&%ﬁggkgbrature
and hi gh humiedistipn tCorparidkimee tExamsl eocdh tEble opr acadiarlé upotle Kreast ep of
was hi a pol ybenzazole filanment with ter until the concentratio of

t he rggiduafc%55§6589u§ppé§@ﬁ€&'SF@§Otg%ngﬁpaﬁ§§§n§n@ﬂmanﬁﬁ © e(ggbg onto
a paper cyl ignget aWittiReutdmnyisng Was o eReaied lah N rSate RARe wag i N
Exanpl e 18. The wound filanment was neutralized with a 1~ aqueous NaCH

sol uti on fomedGugeconds asatd Wasisadenittle watteit ifcdit y30lezg eseadénds, and dri ed
at 80C for 4 + Jhe copncentratd on f..the resi l. phos ous and
sodiumin tﬁgqggéutfgnﬁof%Pgﬁgﬁt%ﬁgggﬁﬁegéﬁgégF% n%§%58§UIt%q%%e%
concentrati choofs phosplmius WS the/ Q@ appimshand richath eofchsodicumt 3, 300 ppm
The ol ar ratio of Na/P was 0.95. The filanment had a 25 strength retention
of 82%%af t efotlissudesr age endstt iemde<sdm @t hosphere of hi gh tenperature and

high humdity. (Conparative ampl e 4) The procedure up.to,the step of
washi ng a pol ybert 6W€nﬁﬁl&Eéﬁg&ﬁQPﬁaﬁhfgﬁq@ﬁ@ﬁﬂophé &ﬁb@ﬁprﬁ?Fon 30 of

the residual phospharus rgached 5900 PAMAAL Lessand i gding the same onto
a paper cylinder wi thout drying was repeated in the sane nner as in
Exanpl e 18. (2047 TBhe avewid dn liarsils iwas nrReuloralinzedoMtbe &dlld cadqueous NaCH
solution for 10 seconds and washed wth water for 30 seconds. The wound
filament wa$ ¥R OFri ed AEntaT: diffe foitteure egdl RitHer &6 PEEaFed i99=, and

agal nBVbound MU QB idian as ¢ = 0.



5 resinous bobbin. The wound filanment was di pped in a bath holding a

Sol ution of am noguani di ne hydrogen carbonate (30 g) in water (12 L) at an
ordinary tenperature (20C) for 3 hours. Then, the wound filament was
renoved fromthe bath and dried at 80C for 4 hours. The concentrations of
the 10 residual phosphorous and sodiumirethe resultant filanment were
nmeasured. As a result, the concentration of phosphorus was 4,000 ppm and
that of sodium 2,400 ppm The nolar ratio of Na/P was 0.81. The fil ament
had a strength retention of2780 after the storage test under an 15

at nrosphere of high tenper at lﬁ(tje)sﬁriadbdlp gh hum dity. (Conparative Exanple 5)
The procedure up %g t-he st gp of washing a pol ybenzazole filanent with water
until the concentr 3th of =izhe residual phosphorus reached 5,000 ppm or

| ess and 20 wi nding the sa @)},@nqm&aper cylinder w thout drying was
repeated in the sane manner, as in Exanple 18. The wound filanent was
neutralized with a to aqueous NaCH sol ution for 10 seconds, and washed with
water fsor 30 secapdsrdifg weuntd idrament was yiden 2dri ed 1antd,| 1tdhe)25

noi sture regain reached 10~ and wound onto a porous resinous bobbin. A

sol ution of pmopheryl &rve dicarthiee ;2 t81eg)s tared rp-(pheny| enedbém‘ né @1 2 Q9) in
water (12 L) oured {nto an ap atus shown in and t wound
(] ament wag i ianePy CRe SO GHGH A G fad (N SO G aTed SAord Lo

ordi nary tenperapyr &-(200) <7 aha2d eyt fur TBAN eI NG soLytdOoMas 1 epl aced

W th pure water e pure water was C|rcula ed at an ordinary
tenperature (20C; fog-0ner 48 hour. After that, the wound filanment was
renoved fromthe apparatus and dried at 80C for 4 hours. The circul ations
of thediquids wehe edomhigediout ewhblfecagsablswasanbbengasupphted fmbo the

| i quids. The concentrations of the 5 residual phosphorous and sodiumin the
resul tant f |tﬂ1§n§dtas\xeﬁetﬁe£§ur0éd Lhes arwedadl Bnd ke sda®EeEnOn ateingh téfe

phosphorus was 3, and that of sodiu m. The nol rati o of
Na/ P was 0. &2n fﬁé’uﬁllo%rﬁ’n’t °had°43strengeh E]Et Eﬁg ﬁggﬁdwélﬁﬂt éﬁet he

storage test.undels a{%h%@znatﬂ?io%l%er% ofyyrhicgh mﬁe%@%{e%ts%rr"edafﬂﬁz highum dity.
(Conpar ative Exanple 6) The procedure up to the step of washing a

pol ybenzazoke ifwWpaneat thet humat eonuafi &, t e eencenteatiova ©fad hehe esi dual
phosphorus reached 5,000 ppmor |ess and 15 wi nding the same onto a paper
cylindér wi tf@dllto"\drn)@' IRJIURES Qe pedteget im e isama wardsatadd onn aBgarpl e 18.
The wound filament was neutralized with a 1~ aqueous NaCH solution for 10
seconds, an#PREsHEE Wit Sfatler 46730 §§c&ﬁd§rl§ﬁd%8ﬁd GG HD5Er &hs
resi nous bob rn SW| tlho 20 drying the sane. The wound filanment had a

nmoi sture regfal 755t 500" The wound filament was al lowed to contact a

sol ution of m phgnyl gpggl am Q@og$>§3<%5@@g pphenyl enediamine (1.2 g) in
water (12 L) for 60 seconds, and dried at 80C for 4 hours. The

concent ratl ons oﬂﬂ%e%dmtduaﬂeqﬂwwmmwsammmmq rehtehne e esful t ant

fila wer e .neasur ed. .As .a .result C entrat| of pho har.us was

4, 200 Pprm - B0 SR o TR 8 260 AT The ot A B R hee o 08,
The fil amentirhathia Stgengi,h vred et tah tofo Bl Haf tpféfretrhﬂlefédﬁm dest under an
30 at nosphere of high tenperature and high humdity. (Conparative Exanple
7) The procé®F@ g aF tHe té}eeprlcﬁhwva%ﬂ%gl%ilca@%dq%eﬁﬁcﬂ% fq9 drfent

w th water nt|I thﬁ] concefntsr &}gon of, St Qerre |duaI phosphorus reached 5, 000
ppm or | ess zfr?d;e\ﬁ lﬁbe ttHe % “ofit 6°a Eaﬁer cyli rllder wi t hout drying Gaas

repeated in the same manner as in Exanple 18. 5 The wound filanent was

neutralized with a 1o aque NaOM 8ol uti on for 10 seconds, and washed with
wat er $or 30 seco S= RRd d onto a porous resinous bobbin wthout

dryi ng the sane. e wound {H rtame . had a noi sture regain of 50. The wound
filament was allowed to co tac 0 solution of m phenyl enedi am ne (2.8 Q)

and pphenyl enediamne (1.2 g) in water (50 g) for 60 seconds, and dried at

80C for 4 hours. e ntratio of th eS| ual pho and, sodi um
in the resul £EH" %Cr Odc'rcrgiﬂ‘fa%v@ gg?fr e qép ﬁgl]%o%gﬁtﬁ%t n of
15 phosphor Us, #8S o 690 Iun - At & hatof s sodimgn 3% REM-dhe Mol ar ratio
of Na/P was 0.97. The filanment had a strength retention of 8l%after the
storagi) t est undéy samptavsFherter adediwhth erperlatagomante Higgh s hiiwry .
(Conpar ati ve Exanpl e 8)



20 The procedure up to the step of washing a pol ybenzazole filanment with
water until the concentration of the residual phosphorus reached 5,000 ppm
or less and wi nding the sanme onto a paper cylinder w thout drying was
repeated in the sane manner as in Exanple 18. 25 The wound fil ament was
neutralized with a 1 aqueous NaCH sol utigg for 10 seconds, and washed with
wat er for 30 seconds, and wound onto a porous resinous bobbin w thout
drying the sanme. The noisture regain of the wound filanent was 50. A

sol ution of p-phenylenediamne (4 g) in water 30 (12 L) was poured into an
appar at us shownign i goy Spr amalitdea wouridl fig —maeat i sbsheated nat he08Wl ut i on,
which was then circulated, at an ordinary t erat ur 0] for 48 hours.

50 Thent hoTCRI HS WA hetts Feprae CE IR LR BUTEE vt £50 i THS. DUFE Meltl - was
circul ated abtani Qf dinaryaherpesatsoe (BRGnAOF omes hesiai Afder that, the
wound filanment was renoved fromthe apparatus and dried at 80C for 4 hours.
The 5 circubpe¢bhscatlyhetih¢ geimel owewas caipped butPwhe |waber aferwhe bei ng
suppliged into | i qui The c ion t resi du p ous
P LS SR LA P, epncentistionseof, ey gl fualy shegrbar
concentrat i ®rhefirphosphotius y&spl e 408s ppemoand fhah oiie sodster, 329appm The

10 nolar ratio of Na/P was 0.31. The filanment had a strength retention of

83. after tHEPREOrayeP TSt Uheer fah &Y nosphere dRAnPgh't epe?dedr£°and hi gh
hum dity. (fompparattyes Exaople; @) Jhe pLoceduse yp; { octbes sh6Pe of sMashing a
15 pol ybenzazole filanment - with water until the concentration of the

resi dual phosphozisadedched 5000 ppnhovr$ essThaadalniadl oy rdelsbarconto a

paper. cylinder, without. dryi ng was r ted iin_the same manner as _in Exanpl e
Te. ThE wound 71T Vet hed= et BFT 760 WITRC a10" afeot: 20: RaChFsol ut i on

for 10 secopdsghandr washedampid neted 4o0feB0tsecopdssiandrypund Bahos a
porous resinous bobbin w thout drying the sane. The noisture regain of the
wound filament was 50.. A solution of m phenyl enediamne (1.2 g) and

pphenyl enedigm 0e; £ b water (12 L) was poured into an 25 apparatus
shown in Fig.mg? a %n?he o n%@filanent was put in the solution, which was

t hen circulMtednatofnF it haky Pehpeeatarel¢20C) for 48 hours. Then, the
solutjon was replaced with pure water, and th re ter was,circulated at
on or HEnany t enpRr St i b (B0 fBr SORE RO Al 1 BF b SAEE R woind
filament wasorgpmyveshdr oM tbed appar astswanledrbetwaen80C for 9 hours. The

circulations of the liquids were 51 carried out while an air was being
suppl i ed i nPolyhetTeglrasoetheledpcelpetrat foASPHESERG YeBRdaalephosphor ous

and sodiumin the re tant_filanment were ne , Aa r lt, .th
concentrati%ﬁ?%? %ﬁoiz%éfdg“%%% %”Qﬁﬁfiﬁﬁﬁ ‘Eﬁzﬂé?t t“f s §&§§1t§58fppn1
The mol ar rahéorofuNesP: Was1 Pmdr. ddpe shhaneshehagdetwstriengéh retention of
84~ after the storage test under an atnosphere of high tenperature and high

hum d2fy. TheljoeegafhgoresuhyscaeeskaaharwvzedstneTabke 3t A30%D iirs
apparent from Tabl e, 3, the. pol ybenzazole fil nts of EXx es _had very
B St engURE " boRR F B S F ot RRpoaRa Rb heh B hESBhBr & DPERPERmEE

t enper at ur egopadobt ghe hant dinky, 1a8g60MpanednWehe theethl aneptstobn
Conpar ati ve Exanples. 15 <Table 3> Conditions fcr wasY:ir:g, neutrali=ation

and ~..ashi Wetst: theevidthchbegepl-breame Breakes larger. ~After
S-rer. gthNexbol hzal cABboGRShEROkEBet 8s" 8LL0LBAT eLehtfis: as=rNacH concen-
traticnTimefine after netfral-
25 polytetraflucroethylene sheets, and washed with water until
the concentration of the residual phosphorous reached 5,000

pprm or less.

Making of Polybenzazole Filaments
30 Spinning was carried out so as to obtain filaments
with diameters of 11.5 pum and fineness of 1.5 denier. A

polymer dope was extruded through a nozzle having 340 holes
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u5. 6- - OL- - p 2Rs RS ©A1940901605390055, SoE8aRIAN a3l RO~ a18drpl_4ashisgg g~
24G 5~ 0. 27pa¥h~which-Yas-so~18c88ed aB82t5Tabhige3tkenti NuRdrtdr eat be~~
condi ti onsl Tenp. Mi st ur eCcncen- Reagent Rati oT- mer egai ntration

ci be~or ecr eaPhgr gedt Akneli gEPUERI FEFeNPPFibgoRNFEI AETB &:r. 2050~25, 00

porhyssssen SiEELLBER | TLAMRR el o e e

eEx. 21p- Phepytesedi antneb3dt P4Eahd. 2R6CH3388t washing bath, so as to

ppmm pher ~yl er ~edi am neEx. 22p- Phenyl enedi am ne/ Q, ' 10~E hr 205C~ 133C
pprnn}phenyﬁéﬁélﬁéﬁlFhﬁEﬁlééﬁebﬁérayl@n@aFérEQFFQEWZFE@EeHatEBSO 33pe

ppmm pher.y apnkn | egedi,am 3E? 0 3
ppnn}phenylgﬁggggnggeggé %99 Ryﬁg%edpag?n /@ﬁé : gém%BBg @%%% BuShed
ppnmm phenyl euti edi:arrhﬁeEz&rZQp Pheny| ertesi B aed i3 229« dup 20502 339 200

Fpm m Bhenyle nedi am neC. Ex. 3_- C. Ex. 9Rmi ncguar: i d_ne-3 hr. 20l 002500
ppnhydPogentéaiBer . abectER. E1ITPRERY| eFoBEP PRSI b2DTKiG1Hag80r Was
pprm pheny| gnedi abne: bxefPsPhEersysgtned ATtRCYaL 220, 56¢1 2000330

ppnt r ~- pher yl enedi am neC. Ex. ?p- P yl enedi am nej 3

sec. 20500E~qophentfyéenedoérthe feélExaEppﬁhenybemedaawdneh 0he9E
hr.20505330 hen i g éanln %B g Oébenedlanlhge/?/39E

hr. 2080~a336 heaREH-SnECEERGHpP e PRMp8f ymEPSdope of
polyparaphemgkgﬁgpgnzpblsoxa20|e (14 5 wm.% haV|ng an intrinsic viscosity
of 30 dL/g at 30C, neasured using a nethanesul fonic acid solution, in
polyphésphoruc aélﬁOéMﬁﬁélﬁPﬁ@ 8% B@@Mpaﬁﬁﬁésnaﬂaaeb@nﬁabkﬁaéa@ﬁéee*ﬂZuded
t hrough a no aV|n 1 66.h 53.with. ia t at a

8
spinning te ef t uré* 8 95&9%51P8Fﬁ1Y?FgﬂSﬁ ¢° éﬁeﬁ% ‘e di pped

ina first wasbihpgabathnyhkchewasnsalkesatedcas E@lﬁ@h!éﬁ the filaments to
be converged at an agproprlate position to 5 forma nultlfllanent and

solidified. PALYDEAER @ﬁaﬁbéﬁlﬂa§opééaﬂéaglﬁSanoélPhgéﬁhﬁéﬂﬁeéﬁniﬁéxh62zle
and the fir ng..b a | gng ts nAor e
unlforn1ten%%F:?énh . hghgugagﬁ ﬁghggﬁaggrgéégg9§8é Egggg{ ? H £ Eﬁe
filam@ats weeeunashedfwlbhenat éi , ﬁﬂOimJtheslwouodcentDaalbnbbﬁntheThesidua
phosphorous in th ol ybenzazole filanents, reached 5, 000 m | es and
here wound: BAHBta ThaBBF S ey FEAAEr PRFENGT 2dP TR eHE-2dnd. SPRECLaReR r at e
was 200 mf m.isnoblens AL ARl BAccLeBAatkon Byl b Phyi fd:bactop wgs,4050aad the
| engt h of PhelPFBangnt 15 wound was 3 00 n& The wound f| a%@nt had a
fineness of f&r53dpbutdenkat/ Hh:haafeat) sasc ar PNt hbarent , TRAdr asdi east er of
1.5 ~mand a noisture regain of 50~. The wound fil anment was neutralized
with a 1~ aflésusnRavrsssbbiesfieflotcle séesads, Lard WaskeEdawi th water for
30 20 econ u ] si,hqu b out »dryi ng the

$he n%?gg%Pge?g g?ngobﬂthgﬁ%ogggu%§Igﬁgn?lag RE@6WHkgsolgglon of
n}phenylenedeaHRMeweZS&ogh andTpphenyl.enediamne (1.2 g) in water (12 L)
was poured into an agﬁaratus shown in Fig. 5, and the wound filanment was
put 25 in tHEXEBPLE whi ch was then circul ated at an ordinary
temperature (20Ch feflyadrhadps. ofh96ibe%a@QbH&&@ﬂeW%%zb%&%@%%@o@bthl@ure
wat er, and the pure water was circul ated at an ordinary tenperature (200
for one houwt.Af~&aviihat an intrinsic viscosity of 27 dL/g at 30°C,

30 measured using a methansulfonic acid solution, in

polyphosphoric acid containing 88% of phosphorus pentaoxide



t-he wound fi~ament was renoved fromthe apparatus and dried 30 at 80C for 4
hours. The circularions of the liquids were carried out 4Jhlle an air was
bei ng supplied into the 54 |iquids. The concentrations of the residual
phosphorous and sodiumin the resultant filanment were neasured. As a
result, the concentration of phosphorus ves |,900 ppm and that of sodium
760 ppm The nolar ratio of Na/P was 0.54. 5 Spinning oil was applied to
the resultant filanments, which were doubled to forma tow having a fineness

of 30,000 denier. The t was crinmped with a push-aon crinper having rolls
W th vl dt hs g 88U I ThEeC EoBeARBRT WS ERE Che DR Ca PO Ary 26tk LEF. | nt o
stapl e {1 berscthodi venahengt hs abotd) 10.m,olhe shasl & Lobeis hise

obtained had a strength retention of 90 after the storage test under an

at nospher e wbuhidgliifempetawasedapgehni gh hubidit holfCogpar abilué iBrawpl e 10)
The procedure up to_the step of washing a 15 &olybenzazoleﬂfilagent W th
wat er until >TRBLESRcent FatForZz8f-St HePe8i dbal “BhESpHoFus) r 8cR8dC 5590 ppm
or less and winding t ont.o.a. yl i nder wi.fho i ng was

r epeat éd in6t 8usr5?u’n3"’1pl nﬁggggsaitcng’éx(garr%%e gfl’éﬁ'ﬁg m&llrll% #‘l\g g%‘lﬁ “was

neutral i zedfwikheatt @agquenyecZ@dNacHasekutrber testlOnsegonds, and washed
with water for 30 seconds, and dried at 80C for 4 hours. The concentrations

of the resi 8GBPSphesEheE0NS JAnESBBEIraFER ERE haghl hand diitvanedhever e

measur ed. Fesul.t >aneentrati on of phosphorus was 4,700 ppm and
t hat of sog?ﬁgﬁlg.ggosgégﬁ gg %ﬁglﬁn ar ratio of Na/P was 0.95. Spinning

oi | was appl(Eedmpaet B¢ resultant filanments, which were doubled to forma

tow having a fineness of 30,000 denier. The tow was. crinped with_a h- on
crimal having rél PSINFER GPBERS ToPO30PARADIRELFTIRRER 200N REG 20 With a

rotary cutter, sikn st.apl: i;her B i;yen l-epgt f 44 The
stapl e fibe?g'f%uégggggi%gdlﬁgglggéﬁrggégﬁgﬁggeﬁgi2% g%/gzaﬁfggftfhe
st or age tesheuBderdansahgpaphetedaakubifghiteaperdatuietiobb and hi gh

hum dity. (Conparative Exanple 11) The procedure up to the step of washing
a poIybenza?BngPPPBHQﬁPCWPFHOm&PéFaﬁﬁP'9 He onBERSPRLEYS BC apﬁg%e

residual phgaghapus fea¢hed san@0R pREOL S| @2s-2nd W REILRE,t hessame onto a
paper cylinder wthout drying was repeated in the same nanner as in Exanple

27. TRé woumestiltamént inagensut(fabiOfed) wivels aotndagnéous KabHisol utthen for
10 seconds,  and washed with Lo 120,10 $8cqnds, and dhed;uatile the

wa . an
nnispure regaln_thereoF reacﬁeég% 0, and again woun&n§nto a porous resinous
bobbi n. A sgl ut-hgpnheh yryphenylieredisan 3¢ (A 8cakoard pphenylenedrantpe (1.2

g) in water (12 L) was poured into an apparatus shown in Fig. 5 and the
wound fil ameot hwassputtnd dried at 80°C for 4 hours. The resultant
filament was subjected to a storage test under an

20 atmosphere of high temperature and high humidity. The
result is shown in Table 1.

(Example 4)
A polymer dope of polyparaphenylenebenzobisoxazole (12
wt.%) having an intrinsic viscosity of 28 dL/g at 30°C,

25 measured using a methansulfonic acid solution, in
polyphosphoric acid containing 88% of phosphorus pentaoxide
was spun in the same manner as described above, and the
resultant filament (1,500 m) was wound onto a bobbin. The
wound filament was dipped in a bath holding a solution of

30 1,3-bis(2-benzothiazolyl)guanidine (500 g) in acetone (10

1) at 50°C for 9 hours, and dried at 80°C for 4 hours. The



15 in the solution, which was then circul ated at an ordinary tenperature
(20C) for 24 hours. Then, the solution was replaced with pure water, and
the pure water was circulated at an ordinary tenperature (20C) for one
Hour. After that, the wound filanment was renoved fromthe apparatus and
dried 20 at 80C for 4 hours. The circul atsqons of the |liquids were carried
out while an air was being supplied into the liquids. The concentrations of
t he resi dual phosphorous and sodiumin the resultant filanment were
nmeasured. As a result, the concentration of phosphorus was 3,600 ppm and
25 that of 588HRLARND, 2DO2PPRT The ﬁﬁbé@CFﬁﬂigooﬁ AP PagAstes82uUngprnANng

oi | v appLiggebnctbectentlhapy bLLaDEDLS, N chy veLs: doubl edzrg form a

tow having a ness o nier. s Cri a push-on
cri nper havragulolhs whohnwi dt hsbdoé 20 mm The crinped tow was cut 30 with
a rotary cutter g staple fibers with given lengths of 44 mm The staple
fibers thus EB?ﬁph%d had a strength retention of 790 after the storage test

under gn at”DSphﬁrﬁolyégrOBoBbgbvtﬁHQ?%QEHﬁﬁeﬁQ@eHbBQnBHH&QbkxonBe (12
foregoing results are summarized in is apparent from Tabl e 4,

t he pol ybenzaza) enstapbeahi batsintiExanpteshag arvesydhyghast sehgt h
retention after exposed 5 to the atnosphere of high tenperature and high
huni dity, @eééﬁﬁaﬁeﬂsﬁpﬁhatﬁétgﬁaﬁPéf?Pbér§C6ﬁ eehﬁaﬂaprvénExanp|es 57

StrengthIJeuasaBpsa unntheasamérmgnnartaa datsccibedgrbbEe, - Hod: SEeNaCH
conce raticr.Tir af t atic:ntior

s TRy er FEFRErRESEeTeleh L D orEbat] chabpiERRSBhip030b8B8 Y500, B8 8000,
1E21C. Ex. | GhouRd0r19400380Q0s~86p084G 8636haEhEXol 41660a solution of
~2200~. 325. 9790. 3936 <Table 4 Conti nued> Treating

co- ~ci ti onsZahp- Nﬁﬂ§@ﬁVeébmeéé¥lPP?Eéééh€RéPF61azoﬂe é0PBgdi niBef ore
acetone (10 L) at 50°C for 5 hours, and dried at 80°C for 4
hours. The resultant filament was subjected to a storage

i5 test under an atmosphere of high temperature and high
humidity. The result is shown in Table 1.
(Example 6)
A polymer dope of polyparaphenylenebenzobisoxazole (12

wt.%) having an intrinsic viscosity of 28 dL/g at 30°C,

20 measured using a methansulfonic acid solution, in
polyphosphoric acid containing 88% of phosphorus pentaoxide
was spun in the same manner as described above, and the
resultant filament (1,500 m) was wound onto a bobbin. The
wound filament was dipped in a bath holding a soclution of

25 quinazoline-2,4-dione (500 g) in acetone (10 L) at 50°C for
10 hours, and dried at 80°C for 4 hours. The resultant
filament was subjected to a storage test under an
atmosphere of high temperature and high humidity. The
result is shown in Table 1.

30 (Example 7)

A polymer cope of polyparaphenylenebenzobisoxazole (12



treatrre:atrat_cn ef treating |igu-dEx.27p- Fheny-enedi am ne3/ 729

hr. 20509830 ppnC. Ex.i O - C. Ex. 11 ~p-Phe.nyier.ediamne ~3/ 7 ~24 hr~ -
2~i, --330 ppm5 (Exanple 28) A polyner wt.o) having a nmeasured usir_g

pol yphosphoric 10 pentaoxi de was with di anmeters dope of

pol ypar aphenyl enebenzobi soxazole (19 rl i3ptrinsic viscosity of 30 dL/g at
30C, a nethanesulfonic acid solution, in acid containing 84.3 or phosphorus
extruded through a nozzle having 166 holes of 0.18 mmat a spinning
tenperature of 175C to formfilanments. The filaments were dipped in a first
washi ng bat Wtwhi chawasgsen| boarédsas vbscaaséyt hé EPI déat 8tt 80b& conver ged
at an appropriate Bosition to éﬁ forT1a nultitilanﬁn%. and,solidified. A
quench chanB&fSHAEYI Beaf8d2i HehRaarr §2B befGeenSPhB hGY2I é”and the fir st
washi ng batbelthagph@r@toagaaecbheaihhageees at ?hHEpEoHﬂEfpéﬁtaoxide

t enperature. The quench tenperature was 60C. The filanments were washed with
wat er until WEReSEBAcERt FAEI BAMBf ManBert i fesFraLAPpRBSPRor 84S LthHEt he
pol ybenzazo i n ed,5 0..pp r , nd 0 a
Daper Oyt nae hr ERsut T aSPRG T heotans The 2R ety Pel e eRe Y BE ATk
spi nni ng el sagatli 6nlewkhtpvysngdippetioinwasbd40h boaddnghe kehgthoof ofhe
filament wound was 1,500 m The filanment wound had a fineness of 1.5 dpf
(deni er/ fil BHEAE}NEs (AO0RDALS inanBhRer ARE &) dRrAnePer BIr 140 shoyg andenrd

noi sture regain of 5 The nd filanment was peutraljzed with a | ~.
aqueous 10 EF@SBFU?B%% £%§w§8“§é%%ndgfh%uﬁﬁ eyt %f?%%ﬁ r"#%or 30
seconds, and,Woupd.gntg a 9959H§erEégeoaﬁdQQthnathQBnggrxfnaibhe same.
The noi sture regain of the wound filanent was 500. A solution of

m pheh@l enetieanetnet(2e8agy hndhpphengieredi dheneettl2 gy showaten (12 L)
was poured En%g an 15 apparatus shown in Fig. 5 and the wound filament was
put in the soraufion, which was then circul ated at an ordinary tenperature
(20C) for 24rhempse Then, the solution was replaced with pure water, and

the pure water was circul ated at an ordinarx tenperature (20C) for one
hour. After that? POl¥RM&rwE8RE Pf| RAeHP2RAB PEIBTREPEFEAPLAEXEFPAFat S and
dried at 80C fg rs, Tt Lrculati the Liqui researried out
whil e an athWéi ﬁ%?gégsﬁﬁppﬁégaﬁﬁg8 %E§Q§F§E¥d8$ %heg%gﬁcgﬁtﬁgt?bns of the
resi dugl phgspbBatedsuandgsadhdihbAstib€ohesubktant sbihamenat ware neasured. As
a 25 result, the concentration of phosphorus was 1,900 ppm and that of

sodi um 760PppHPLTRENABE ar aFati 60BFaARE POWAS $0064PheRENPERE| PaRTacx1de

bol ybenzazol,gs! LLARPALS cHer bl nbAhArShapkesbihees whblel eaguhspal S1 mm
whi ch were then twisted at a twi st coefficient o .5 to nake a spun yarn
havi ng a 30reetifioanyafnlenant df,200Ne) ¥he wpundyenmiot hubobbtiai.ne@hkad a

il £,9.8 cNd . had . [ f 77~ af
Lhe st or age CAS0 GnbaCRR ACRoSPREFS L1568 BRCHi g -CeRderacirhtand Afgn

hum dbby (8Q6,andn8Q:iRHLc:1GCoBpPArghi ve Examphe 1%) atheopr osdusenspr-50 the
step of washing a pol ybenzazole filanent with water until the concentration

5 of the reshduakipboapheves feachegodrH00 ppa peshessnandi Wimehbgeibe sane
onto a paper cylinder wi thout drying was repeated in the same nmanner as in
Exanpl e 28. STRee®kEEAd LPi PafERt 2figs CREGt HRPFFe@PwWRERCEPIET8gRd0td 91

temperature and high humidity. The result is shown in
Table 1.
25 (Example 9)

t he

A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
measured using a methansulfonic acid solution, in
polyphosphoric acid containing 88% of phosphorus pentaoxide

30 was spun in the same manner as described above, and the

resultant filament (1,500 m) was wound onto a bobbin. The



NaOH sol ution for 10 seconds, and washed with water for 30 10 seconds, and
dried at 80C for 4 hours. The concentrations of the residual phosphorous
and sodiumin the resultant filanent were nmeasured. As a result, the
concentration of phosphorus was 9,700 ppm and that of sodium 3,300 ppm
The nolar ratio of Na/P was 0.95. The resy tant 15 pol ybenzazole fil anents
were cut into staple fibers with lengths of 51 mm which were then tw sted
at a twist coefficient of 3.5 to make a spun yarn having a cotton yarn
count of 20 Ne. The_spun yarn thus obtained had a_tensile strength of 9.1
cN dtex, andonad ﬁléﬁﬁeﬁétﬁa?e@eﬁP?GnleazbaébohafgeﬁgtﬁesgiBFégé Pést
under an atnns her e h.te r at u 80C and F&D
( Exanpl e 29? # bB?y b leng§?§pg gpﬁg ?Peggdg @L %&Q& (%ﬁ

havi ng an i S Y, dL/ og a
nethanesulfg%ﬁéga%?dgggfﬁﬁ#%dgq%nﬁg% 1 ypho sdnor c aC| ontalnlng 84. 3 of
phosphor us peptaoxedetwas exbrudedtébtoughea snzatrobakeng &66hhaghes with
dianeters of 0.18 mmat a s |nn|n erature of 175C to fonnfllanents
The fi Pament§TREF & HF ppeBdi lﬁhBB ngmesﬂFﬁgrﬁéPntmﬁ?cﬁ @48 <8 | ocat ed
as to causertpe.filaments to be converged at an appropriate position to

60 forma nultifilanment, and solidified. A quench chanber was |ocated in an
air gap bet wesamphe hBxzle and the first washing bath, so as to eIongate
the filanments at_a nor e umform%engg:raturehen ? ﬁugnch jenperature

60C. The 5 fllanénF QLYEFE CRBEhA B4R

e“oneentra |on of t he
residual phQsphor aysihy aﬂelﬁekyﬁeméa%%eoéht?ne@t§8r gaghed 53089, ppm or

| ess, and were wound onto a paper cylinder w thout drying the sane. The
takeumOratemaasuzéd nEmhp. 2 hhehspsnhifagiel engdt sohububhi pliyi ng factor was

40; 10 and the length of the, filanment wou ament, wound
nad &t nenb8SvBROTbBoRYF CRAtl GPNER HBH 1o heoh RRRGPIPAREAPRGAGAte

di ameter of wid. spufh andtReNBhsbUREnhEgakB @EsBOtbedhapvoundahil ament was
neutralized with a 1. agqueous 15 NaOH sol ution for 10 seconds and washed
with water F@ﬁué©a§§c§hd§me§ﬁd Wotfd BhtB2E HEPBEsORESi AoRSPRABBI nTWRt hout
drying Lhe #aRa HhefBhetice hegBLd oh bhBaPRURGLLbamantons Bg- of

sol uti on of m phen enedi am ne and pp eny enedi am ne

wat er 1612 Lbym@alaeuned0|gbolanwa@eappaoaLMSaehewn:iﬂoflgo Boussd aﬂe mound
filament was put in the solution, which was then circul ated at an ordinary
t enper at ur ed¢26Q) atoB024 fouré. hdwen, thee sotsitlomnesi tfaptacedasi th pure

water, and th ure ter s circ Ia ed at an ordinar ture (200
or one nouP LCABFGRT! Rt & BeSFRESVGRAG Frraient ARSCREHGtEdorr Brbine
appar at us agdpdeir-gduat 806 BQ@h4hhgua§tyTheTﬁereegautone ahotvhe ihi qui ds
were carried out while an air was being supplied into the liquids. The
concentrati 88Bl6f 1the resi dual phosphorous and sodiumin the resultant
filamgnpt ver, e sult, the concentration of phosphorus was
1, 903§gpn1 aﬁagggggEo sgg ﬁ§g7g ppm The nolar ratio of Na/P was 0.54.
61 The resul t ant Appbybmerzazobe bifl ankgpsraphenglienebeozsbapbaakziober S1vi t h

|l engths of 51 mm which were then twisted at a twi st coefficient of 3.5 to
make a spun“yarhn RaViR§ &NcobtoAnyaArnVeSGRELSY 96 KE. SFEHoasuch Spun yarns

were 5 t“‘5§8§559e635§ a t%DmEnggguX%BH Eagbgg %oX%%Qo%OU?h of 20/2 Ne.
The two fol ded yarns thug oblai ned were woven to rake a 2/1 twill fabric
whi ch was fpbﬂgdhwbph068ctm01ﬂobdedayaang/Bﬁéhofnphbephemﬂecabndepedﬁeon

and filled with 60 two folded yarns/inch in the.|ater directj The
Fonsi P 50 BPSORBCR on the. FeTL ranrerurr teatribihn sBratyornt e roct i on

was 4,260 N3 g The syl tabrio, had g %&%ﬁndgee&eeﬁetequehFES%oaéter

t he storage “£8st dnder an at nosphere of high tenperature an gh humdity
(80C and 80fRIHY¥ hours. The resultant filament was subjected to a

storage test under an atmosphere of high temperature and

high humidity. The result is shown in Table 1.



15 (Exanpl e 30) The spun yarns having a yarn count of 20/ 1Ne obtained in
Exanple 29 were knitted to make a round braid which had 68 stitches/inch in
the vertical direction and 29 stitches/incr~ in the lateral direction. The
tensile 20 strength of the round braid in the vertical direction was 1,530
N5 cm The round braid had a strength reiention of 76~ after the storage
test under an atnosphere of high tenperature and high humdity (80C and 80
RH=) . (Conparative Exanple 13) 25 The procedure up to the step of washing a
pol ybenzazol e filanent with water until the concentration of the residual
phosphor us Fgééﬁédlg,ooo ppmor |ess and wi nding the same onto a paper
cyl i nder wjthout drying was repeated | ' a T - Exanphe29.
30 The wound filanent was neutralized @F&%qé%lg%ggg gﬁsRﬁiéﬂQégﬁugﬁ8n flor
10 seconds, Eandpwashed with water for 30 secomds, and dried at 80C for @4
hours. Thejconcentrations 62 of the residual phosphorous and sodiumijn
the resul t aft*®fPLEmént were neasured. As a reddit, the concentration of
phosphor us | wasm$1 208 ppm and that of sodium g3, 300 ppm The nolar ratijo of
Na/P was 0]95. The resultant 5 pol ybenzazole filanments were cut into stiaple
fibers wthExkemgtles 4of 51 mm which were then8Owi sted at a tw st
coef ficient %%mSl% -0 make a spun yarn having8% cotton yarn count of 20
Ne. Two su¢ spﬁn yarns were twisted to make a ‘two fol ded yarn having a
yarn count |@ka?@N2 Me. The two 10 fol ded yarngst hus obtai ned were woven to
make a 2/1|{twill fabric which was filled wwth 68 two folded yarns/inch |in
the verticaF*@™Pééti’on and filled with 60 two8l ded yarns/inch in the
lateral directigie Bhe tensile strength of thegesultant twill fabric in
the vertical direction was 15 4,280 V3 cm The twill fabric had a strength
retenti on oExB9plef Per the storage test under 8&n at nmosphere of high

t enber at ur ¢ _and gigﬁ hum dity (80C and 80 R&bé. (Conpar ati ve Exanpl e 14)
The spun yaFﬁ?mﬁ Vi 8 a yarn count of 20/ 1Ne Bt ai ned 20 in Conpar ati ve
Exanpl e 13| wemgakaittit/ed Exammpalke 1a round brai d 4shi ch had 68 sti~ches/inch in
the vertical_direction and 29 stitches/inch in the lateral directian. The
tensile strength of the round braid in the vertical direction was 1,490 N5
cm The rouq%xg#%gg @%S a strength retention of 25 620 after the storage
test under an a phéere of high tenperature and high humdity (80C and 80
RHo) . (Exanpl e 32) pAlpgoleymeiopst of pawdiypg rapdenydasebed zddiing x@paloyphoshori c
pent aoxi de was dope of pol yparaphenyl enebenzobi soxazole (19 z intrinsic

vi scositty of’“tsﬁ)dgﬁdl@tg 30C 1 r& ridhanddsIcPshity &di @ 5s6ilvd ér¥, 3% Caci d

cont ai ni ng . 4P r,u r ro a l.e_having 166 hol es

63 with dia%é?%#gegf%%i%§0§h§§$%%n§g§%€%25 #%ﬁﬁeﬁggé%é%g? %?SC to form
filanments. Theéybhbamhotrs cwerce ddicoped ining Bisks b fwadlcispdoratsh pehmitclh xniae so

| ocated as to cause the filanents to be cqnverged at an appropriate

posi tion to"“85f JPRRedmintY iariﬁém-ﬁ & meS e 3%&%%5&6‘&5}?“@@%@& was
located in aRsairi p@aAP aPeteeennihe ha0Zzlse 186 tt e 1hi-nstkavaghicng hath, so as
to elongate the filanents at a nore uniformtenperature. The quench

t enper&t ur e WMRPE0CEN Phédafth avdrtisoner sosadhed wift Rmigoeiagritdine he

concent rat | an afpLA khe negi dyali phasphorays in dhe poliybenzazal e, fd | ament s
reached 5,0 ppmor lTess, and were mound ont’0 a paper cylirder wthout
drying the same. whhert akeupiriale swas 0280r8rminhouthe sphani-aguetgngation
mul tiplying factor was 40; and the length of the filament wound was |, 500
m The 15 fiffaienesweurd sivdeca to sesdosagie 195 tdpidederive &/thidsa@ierte) ofs a
nmonof i | ament.,. _an i r of, 1.. 5 = moi-st.ur.e reqai. f ~.. The
wound filanéﬁg%wgg ﬁ%&%&?%%zé%dwﬁﬁﬁ%ah%hgggé us ﬁ%@Hr%gwﬁgi&% %§P %Oln
second®, andawdshed with water for 30 20 seconds, and wound onto a porous
resi nous bobbin without drying the same. The noisture regain of the wound
filament was 86™PASsdlFuti on of m phenyl enedi amine (2.8 g) and

pphenyl enedi ani ng (L12rQ) I3 P0RLET Hoh2 ol MRS iRALLRS i, 13 ARATAT S
shown in Fig. 5, and the wound filanment was put 25 in the solution, which
was then ci wmeukat @dvathgamnordigramy itce fiescatsuns (2024 faur/ L4thawrcs, Then,
the solution was replaced with pure water, and the pure water was

circul ated FEAFNTECIUTANY FeMFéianiie (0200 ¥6d e Hd@n, After that, the
wound Sfy | ameph s, gemmved fromdhe apRaratus and Hd8dorus pentaoxide




30 at 80C for 4 hours. The circulations of the liquids were carried out
Wwhile an air was being supplied into the 64 |iquids. The concentrations
of the residual phosphorous and sodiumin the resultant filanent were
measured. As a result, the concentration of phosphorus was 1,900 ppm and
that of sodium 760 ppm The nolar ratio3f Na/P was 0.54. 5 Spinning oi
was applied to the resultant filanents, which were then doubled to make a
tow havi ng a ~hi ckness of 30,000 deniers. The tow was crinped with a

push-on crinper having rolls with widths of 20 nm The crinped tow was cut
With a rotalgSchPrBed itRte &t dple- ﬂﬂB@r?aﬁﬁﬁﬁ LBngtRs SaMe4RaRHAnE Swhi ch

vere then opeaed;ybtinaaBvapenst tATRKe,a R ha¥hig g nekoRk 05200 of 2

with a roller car A plurality of webs thus obtained were | am nated and
subj ect ed tdlppedlenpanbhthghb@d@bgaansalﬁehbnhaflﬁgamlnbrdkﬁe§s of 9.8 mm

d i gh [n2. The 1 t f the f d
At moepher o GF VAPGR L ahidr &0 urd WALSEvar dated  ohe Lo PECNRY , "ERE el Shse i n

the weisght ang@eakelhrqga 5@ 8BFASEOR wﬂﬁo§r; nufﬁgﬂreégpﬂyﬁfa£iME Exanpl e
15) The procedure up to the step of washing a ybenzazol e fil anent

wi th water uwati bubhjectedcént ratitomagk tbetrasddmabnphampbphesereéche@hS 000

mor |ess _and w nding the sa ont a | i nder out drying was
P eat et 1 nERGoLang" RoAhE, "aam ROmAiEre S The Theshoena sl PRatEnt g

neutralizedtwpth a_ 1o aqueous 25 NaCH solution for 10 seconds, and washed
with water for 30 seconds, and dried at 80C for 4 hours. The concentrations
of the residBakmphespRorous and sodiumin the resultant filanment were

measuigd. As a resyll.Lhe ggnoent 3t 0,0t 0R0saNaLYS RS 4,109 P, pand

t hat o sodi um ppm

filaments thQusspbhained wer Qn@&@%@%%te's@otsHQgS@'fe2'53@1@.?@ ag BpecPxanple 31
to obtain a felt havi ng a thi ckness nm and a wei ght of 2,800

g/ m. The abeasuordresiisvaacaethankelfehtcunded anlatiosphene of high
TPeraL ! 55 BEARHALET, 5 LB BadoReRe LS MRLENL, ALt e
was formed into a fllm—like matter in the same manner as

15 described above, and the resultant film-like matter was
dipped in a bath holding a solution of isocyanuric acid
(100 ¢g) in DMF (10 L) for 1 minute, washed with water and
dried at 80°C for 4 hours. The resultant film was
subjected to a storage test under an atmosphere of high

20 temperature and high humidity. The result is shown in
Table 2.

(Example 14)
A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscesity of 25 dL/g at 30°C,

25 measured using a methansulfonic acid solution, in
polyphosphoric acid containing 88% of phosphorus pentaoxide
was formed into a film-like matter in the same manner as
described above, and the resultant film-like matter was
dipped in a bath holding a solution of pyrazine (100 g) in

30 water (10 L) for 1 minute, washed with water and dried at

80°C for 4 hours. The resultant film was subjected to a



The procedure up to the step of washing a pol ybenzazole filament with water
until the concentration of the residual phosphorus reached 5,000 ppm or

| ess and wi nding the sanme onto a paper cylinder w thout drying was 10
repeated in the sane manner as in Exanple 31. The wound fil anent was
neutralized with a 1. aqueous NaCOH sol utizen for 10 seconds, and washed with
wat er for 30 seconds, and dried until the noisture regain thereof reached
100. Then, the filament was wound onto a porous 15 resinous bobbin. A
solution of m phenyl enedi am ne £2.8 g) and p-gﬁen enediamne (1.2 g) in
water (12 LF-@829BobPeH PREBT aAtappRPaPiershewn i HEFF§TPSrahkE St RESwound
filament “ﬂﬁigchhﬁi85€ sol ghLope sWhtchswag fhenncirpgybaped at an ordinary
tenperature (20C) for 2% hours. Then, the 20 solution was replaced with
pure water, (Brndmphe pbre water was circulated at an ordinary tenperature
(20C) for one hour. After that, the und_fil anment s_renmoved fromthe
Spparat us and dreROAPEECPRE AThBaY SOaTRREERY CAPaL ESAEE SPORABOR Fadt ds
were carriegiout whylg aQnaﬁﬁt¥@ﬁs?@'095@§s§ﬁgpbfe§5'8£9gtﬁg bbeyi ds. The
concentrations of the 9e5|dual phosphorous and sodiumin’the resuitant
filament wemeaseasdredindsaameebahbplfbheicoacédt saliibnonf phosphorus was
3,600 ppm and that of sodium, 2,200, ppm e lar ratio of Na/P was 0.82.
30 The F11 aRRAVERPREECBDEarHal GBROSpROREsEaS Ph PRESBhHE: RuRREroabein
Exanpl e 31 §Qsobbahngdaifhebt ahavingiakthihekness:iaf tfe9sAREandnacweight of
2,700 g/nme. The abrasion 66 resistance of the felt under an atnosphere of
hi gh tenperaetfeipad ebavaateadd pBearesgykentt helueéikaswarfern¥anei ght of
the fekt dus. he_aprasion . 3.8_nyl/ . The - faregoing.resyltys are
sunna?bzed ?ﬁﬁgggIEHSQ %étg P§@§6§8r8n O?ﬁ%ﬁ? agFeagﬁgghgg%égtgﬁ%teriaI
made of thedpohgbenzazgheifii bapeohs of OExanpbe badiauverywhspgbdakiaki on
resi stance under the atnosphere of high tenperature and high humdity, as
conpared wi Vateheand| drivadertaP8 Grabler of hdiersi| afentsewi!l Compathimve

o ashi ng-c. 23 BERIERRSCcER. ot A6 EFOFaF Bak. Luet’ B BROSERLEE BMnign

St rengt ht vegenpkirzatirer a¥éshi st hanidiayr at Thengeeten- i 3vshskat ;iaOH ccncen-
trationTinmetirr.e_ after r:eutra' - _ ationticn of Ptior: c= P:aof

t Ja/ P§rengt AP 8r 2Sec. Sec. ppnmppnGPao/ ~Fa~PaEx. 31 - -Lg- 1~-3~ - -i -190C

j 60J. ~qF 8- 1pxdBp1e 24C Er..151~103047G033000. 956. 0920. 3636C. Ex. | 6] ~s~
1C30360022C60.2~ 5.9~ 790. 39~ 36 <Table 5 Continued> Treating
CcnditionsTenp.PAIPPlymer dope of polyparaphenylenebenzobisoxazole (12
isture~~o.r-AbggsionReagentRatioTinezﬁgaincen-resigganc befcr%tga-~~

hi ght r eat nelEt Fonf@¥pREf ePelEFEFPGUFuPeEFagséyy o1 dL/g at 30°C,

vet ght Bx_31psBagpygenedhantnadl £24500 18A30-3303: bomabenh 1% |~ - - - 3.7
ng/ cm C. Ex. | 6p- Phenyl enedi am ne3/ ?~ 24 hr~ 20~ 10$ ~330 ~3.fi ng/cm 15

Si nce2Phe presgnhosphentiroacédncpnowiidenteBimatferihabphmude pentaoxide

pol ybenzazol e _fibers which can.sufficiently nmai.ntain the strengths even
after exposgastgoa ﬁgsﬁ &res gﬁﬁﬁigﬁﬁFeﬁSE¥§Eu%85%§e~ aﬁ?ghaﬁagfdﬁfy over
| ong peri odgegtribed above, and the resultant film-like matter was

dipped in a bath holding a solution of aniline (100 g) in

water (10 L) for 1 minute, washed with water and dried at
25 80°C for 4 hours. The resultant film was subjected to a

storage test under an atmosphere of high temperature and

high humidity. The result is shown in Table 2.

(Example 17)

A polymer dope of polyparaphenylenebenzobisoxazole (14

30 wt.%) having an intrinsic viscosity of 26 dL/g at 30°C,

measured using a methansulfonic acid solution, in



67 time, the felt materials of the present invention can be effectively
used to convey hot products which retain heat of, particularly 300C or

hi gher, especially 400C or higher, manufactured in the field of nolding
metal s such as 5 alumnum iron, copper, etc. and ceram cs. (Exanple 32) A
pol yner dope of pol yparaphenyl enebenzobi soxazole (14 w.% having an
intrinsic viscosity of 30 dL/g at 30C, neasured usir_g a nethanesul fonic
acid solution, in 10 pol yphosphoric acid containing 84.30 of phosphorus

pent aoxi de was extruded,through a nozzl e having 166 holes with dianmeters of
0.18 mm at @OéﬁphﬂﬁﬁﬁoféﬁpéFé ufFeRbR1R¥8E £8°f 8f nPRPFRABAYS. PFRE2PKLSReNt S

wer e dippedwggeéoihéatiﬂ@éhgnsiﬁﬁtmiw@iﬁﬁtw@§ $Q kagagsﬁﬁaﬁahﬁeeagge the 15

filaments to converged at an appropriate position to forma

mul tifil amedescandedobdoVeedanA ghenchschaaber fhan-Lokat wdtiaranaair gap
bet ween the nozzl.e.and the, first.washing.bath, so as_tq.elo e the
filaments aglgpﬁgrénuﬂiéafﬂ1b@iﬁépgtﬁr581$ﬁéoau8%cﬁyfé 8?a?g§é %gleOC.
The 20sfil agepks wepepyashediwht Ahuval eabnbil wihe weReenknat enedf athe
resi dual phosphorous in the polybenzazole filaments reached 5, 00C ppm or
| ess, and wepPeC whund! dntwr @ paples wcyduhdent wit hourasirsubmge ¢ ted slaoea  The

takeup rate was 200 mimn.; the spinnin eloagahio nultigl ing factor was
40; 25 and EherPERgFRSHF UPHBTf PRaAERPSROGAE RasP19806°HPEFAREUFFI 4REnt wound

had a finengsghofuhiqidpfl (dgri eekhinkamenthods anmpaghil anent, and a
diameter of 11.5 ~mand a noisture regain of 50~. The wound filament was
neutral i zed (WPMRagalWwaqbtEaUB1802NaOH sol ution fcr 10 seconds, and washed
W th ter for 3 , u i - i kL thout
wth SBLer for 3R 86SASR. o800 MRUBM) 90LO.ARAL AL ERLRBUS RADML B, W bho
sol ution ofwet@heaxb@ﬁgdban&ﬂerﬁasﬁcg»iaeasapbeaxl@BeaLa e 6&°@,9) in
water (12 L) was poured into an apparatus shown in Fig. 5 and the wound
filament wamepeaursdi nsihe somathensumirchcwasithenloticnl atad at an
ordinary te rature (200 for, 24 hours., Then, th lution repl.aced
W th pure vaboyEPARERPREShar e ar B Mgl PRI Sf el aEPHR BPaFRRr5OR B8

t enper at ur ewh20€prinetl oneohaurilAfFteket hattetrhenwotadskinkanenhewassr enoved

fromthe apparatus and dried 10 at 80C for 4 haqurs. The circul ations of the
li qui ds wer ée8gFiPed 8RPVeni PEYahngi FefMs LBBIENg LS BpprkEdTPATE Tt WS i qui ds.
The concent [aLans, ot ! Ne Leshyal, phaspRoRAus and podiumin fhe resul tant
filament were neasurea. a resuFf, he "concéntration of phosphorus was
1,900 ppm aadulbathatioh wadi obiée@eppiv Ehetabhake rakitouatieNakR was
0.54. The filanment had a strength retention of 90 after the storage test
under an atﬁB@BﬁEPéréfoﬁiBﬁgbe%ﬁ@PﬁféFérﬁnénﬁiQﬁgﬁuHP@P9§FY(CoﬁB§rative
Exanpl e i7) .2Q,The pr eeegur e up L9t he step of washing a pol ybenzazol e
filament with water until the concentration of the residual phosphorus
reaché@ 5,000 ppmor |less and wi nding the sane onto a paper cylinder

W thout drying was repeated in the sane manner as in Exanple 32. 25 The
wound filament was neutralized with a 1 agueous NaCH solution for 10
seconds, and washed with water for 30 seconds, and dried at 80C for 4
hours. The concentrations of the residual phosphorous and sodiumin the
resultant filament were neasured. As a result, the concentration of 30
phosphorus was 4,700 ppm and that of sodium 3,300 ppm The nolar ratio of
Na/P was 0.95. The filanment had a strength retention of 82~ after the
storage test under an 69 at nosphere of high tenperature and high

hum dity. (Exanple 33)



A pol yner dope of pol yparaphenyl enebenzobi soxazole (14 w.~) having an
intrinsic viscosity of 30 dL/g at 30C, 5 neasured using a ne~hanesul fonic
acid solution, in polyphosphoric acid containing 84.3 of phosphorus

pent aoxi de was extruded through a nozzle having 156 holes with diameters of
0.18 nm at a spinning tenperature of 175G@d¢o0 formfilanments. The filanments
were dipped in a 10 first washing bath which was so |ocated as to cause the
filanments to be converged at ar~ appropriate position to forma

mul tifilanment, and _solidified. A quench chanber was |ocated in an air gap
bet ween t he<h822Fe23nd the fir st washi ng bath, so as to elongate the
filanents Omni T orTT TPET aUnes 1 ENeJUEReH REFREraLyl e
The filanenpts were washed with water unti|l the concéntration of the
resi dual phasphpieusdlin the pol ybenzazole fil ag@nts reached 5,000 ppm o
| ess, and were un? onto a paper cylinder mﬁtgﬁut drying the same. The

t akeup rat e=#8¥P260130 nmnin.: the spinning el dfgation multiplying factlor
was 40; an@lgihepshengsh cf t_~e filanment wound was 1,50C m The filanent
wound had @ fineness of 1.5 dpf (denier/filanent) as a nonofilanment, and a
di anet er of Ek@amglemldnd a noi sture regain of 588. 25 The wound fil anent| was
neutral i zed Qghhl% %3 aqueous NaCH sol ution for;10 seconds, and washed with
wat er for 35 seconds,” and wound onto a porous reésinous bobbin wthout
drying the|saaepl&heenoi sture regain of the woedd fil ament was 50~. A
solution of _m phenyl enediamne (2.8 g) and p 30_phenyl enediamne (1.2 g) in
water (12 LE*@&®Llodred into an apparatus show®’in Fig. 5 and the wound
filament wag.put1knighe solution, which was theg circulated at an ordinary
70 tenperature (20C) for 24 hours. Then, the solution was replaced with
pure wat er | Eaadptlkelfure water was circul ated &0 an ordi nary tenperaturie
(200 for )ﬁe hOﬁr.zAfter that, the wound filangent was renoved fromthe
apparatus a &30P &d%S at 80C for 9 hours. The &ircul ations of the | i quilds
were carriedoaphrafiive @radbrewas being suppliag into the |iquids. The

concentratiions of the residual phosphorous and sodiumin the resultant
filament were neasured. As a result, the concentration of phosphorus was

1,900 ppm and 1Q.that jof .sadium £6Q s The yapbar (hal 010k Na/R MRS
0.54. The filanenf hadagbgtrengthoretgntign o] n900'after%1h§%§toﬁége t est
under an at fosphenésofnkli gh lmenpepateyne taad whitgh thienbdistiy. oSiganic

pol ybenzazol e fil a n%F t hus bt%ined re.Z-wi.,se 15 tw st at 32T/ 10 cm

d
to make€ a ZCPHPSERGSr RAVRWG 1Ghc K 17 SRt TrarRs 1nEiSe U8R s & ewi st ed at
32T/ 10 cm t @ +pakeha rer bde nghd + ekpRFa thlt@ sClade ha@fhd ni@s gsukj.ected to a
t wost age dlpglng treatment to make a dip cord. The first dipping treatnent
was carried (&gt e248C, using an 20 aqueous di spersion of an epoxy resin,
and the second diyppi re n rri 2 US| RF
qui d. The st refPR T e ohen ol d Hae e R e e a2 ke | en
in strengt hwtekenhia@nas ahi ghtas n8l uRdelcoan tat FEs pltere./of it gloetenper ature
and high humdity. 25 (Conparative Exanple 18) The procedure up to the step
of wadhi ng AcpEIyIseh 282610 of MediaRs Whionla Be 1€oSCentri& o of the resi dual
phosphor us ] ppm:oy | : isndi-Rg t0 a paper
cyl i nder mﬁFﬁ%§?ﬁgﬁéﬁﬁgqﬁaggﬁgpggﬁ%%l%%%ﬁﬁ%gﬁé°s§ﬁ£?ﬁ§%ﬁ§F9§$ i n Exanpl e
33. The woumpénftialoxiielat wass exeutidald zéd onigthh aa nbzaduwediasr ingr 1l NaGd 1ea ut i on
for 10 seconds, and washed with water for 30 seconds, and dried at 80C for
4 hours. Th&lédnddrmedsirens fof -tife Mregitddal> phéspherbud idaBessdi uafn t he

resultant fil t r red. r |t centg.ation qf .
phosphor us ﬁ&%n32$ﬁgﬁ%§;gn§§§ ﬁ%%&ﬁAﬁF%Ebgﬁﬁﬁﬁ Q§?%%6P§ghﬁi1%%?4%n%§éﬁéiﬁ o of
Na/ P w&s 0. ®athThé ifdh armntschdd ot engith thet efitliaoerofs 82mlaf ter t he
storage test under an atnosphere of, high tenperature and high humdity. Six
ponbenzazoPQWWQQﬁﬁkfglFﬁh?gﬁﬁﬁﬁﬁﬁ9§§MQQ§lJ%Fbéﬂﬁ?t%ﬁ%ﬁé%@ﬁlﬁﬁﬁﬁio cm

to make a z g $o1%dfiFi M0 JUCH of M HarbA NSy M W38 M5 ed sat
32T/10 cmto nmake a crude cord.” Then, the crude cord was subjected to a

t wost age di ggiPndattivesimedte the zrdlee sadithea dridstTmashing ditdpi mp tasedtarent

was carried qut at 240C, in n 15 aquequs di.spersi.on _of an _epoxy.resin,
And Lhe secord B dS MearER e e B e T
l'iqui &.p The SIhenAtfy Perldie Gk Lord WRPc653aNeThics i preerd had a

strength retention of 560 under an at nosphere of high tenperature and high
hum dity, which was inferior to

60C.

=




20 that of the dip cord of Exanple 33. According to the present invention,
it is possible to provide a cord for reinforcing rubber, which is nade of
tw sted pol ybenzazol e filanents having a high strength retention even after
exposed to an atnosphere of high 25 tenperature and high humidity over a
long period cf time. (Exanple 34) A polymg dope of

pol ypar aphenyl enebenzobi soxazole (14 w.) having an intrinsic viscosity of
30 dL/g at 30C, neasured using a methanesul fonic acid solution, in 30

pol yphosphoric acid contalnln% 84.3 of phosphaorus BentaOX|de was ext ruded
t hrough a nB22FBSRaAFFEAGS1661R F§§SWWFﬁedW§ £er ¥16P yatgrmiratla i nni ng
tenperaturecgﬁcenz%a%zgg be Eﬁ%”&%@l@ﬁ%ﬁt%hoEBﬁthanﬁnkﬁeW%E@a%bBE%d ina
first washing bath which was so |ocated as to cause the filaments to be
conver ged ateamhappbepPilaremposi tlleﬁﬁ/t enflomera wolnidf chaseat paged
solidified. A 19U nch chanber was 5 cated n.air gap betwe t he nozzle
and the firS§¢Yidh gﬁanlﬁgPH% 95yé§9t8 SPOnggbg tﬁéePP|§ﬁ§ﬁt¥a§t3§0nDre

uni f or m t enpemabun ¢. thikesguanchqgt enpagatube was t68CyiThe rhickarents were
washed with water until the concentration of the residual phosphorous in

t he poIyben@ﬁﬁoﬁéefWpéﬁénﬁél@@eﬂéa@ﬁéd155@@0mppnﬂ6ﬁ Ifédgmeand thgse wound
onto a pape I r W ryien h t s 200
mmn.; the&s%¥gnﬂ%g e|§%§§ﬁ%§% é&l?l% Wﬁggggﬁ/%gggggn%ﬁ S?%e | engt h
of the fil ageRb MOERENHAS al d@@QlemerTBQ f1|1I @rrgmt awauadmbad carki regess of 1.5
dpf (denier/filament) 15 as a monofilament, and a dianeter of 1.5 ~mand a
moi sture re@& 8O0GF 500. The wound filanent was neutralized with a 1.

aqueo NaCH sol y{i.0 r ds, @ er .f Qr econds,
and wgﬁnd onto a%gorgaéggeégégﬁgggoggln%%ﬁﬁﬁgggqungt né Ehe%§5%§U%

noi sture regadH ebluheowodnd fliol arenhdsas abd. wAsseldutiiah ekter for 30

m phenyl enedi am ne (2.8 g) and pphenyl enedi am ne in wa (12 L)
was pour ed §ﬁ€8n§ﬁ'a66§réﬁ@énsWGWﬁdlﬁnﬁp a 5eSgRY Fh@o%g&ﬁdwﬂlkgﬁént was

put in the aggﬁhonheW@bﬁ@ “a%hbh%guﬁﬁrQQE%%%@ta%a@nao%%h@%EXeZQe ain
tenperature (20C) for 24 hours. Then, the solution was replaced mnth pure

wat er, and bHeSPdre Watewonas! éﬂﬂ@@bate@aatda@p@ﬁdnmaﬁyb@éﬂp@pé@um@'@20(3
for o hour_. A ter that t V fr appar at us
& Oé&%l % mlkg %%Q b&%&% eWa%F %ﬁgaﬁ% 3&8 %

and dried af ours? e cire ns o re 30

carried out yahiche @Q ajr awa%nb%kﬂgn%%@pk%%@ekﬁk@r%hqZbPQP|@ér IhBours,
concentrations of the resi dual phosphorous 73 and sodiumin the resultant

filanment meeednmasure@mo&&dafmemukhe folaer hc ancie pitrriatd @t &f0° @hﬁsph@rus was

1,900 ppm and that of sodium 760 ppm The nolar ratio_ of Na/P was 54.
The fil amenfoNZE a g@ﬁeﬁ@?ﬁepéFéﬁﬂpéﬁ ot 366 éﬁﬁéﬂuﬁﬂe9§Q9ﬂ9Q£$§st€§p-under

an at mspheig 9f;nNi;gh theMRelal whe rand 1hingh thwsi di ks sTwelye pel wbenzazol e
filaments thus obtained were twisted at 20T/1 mto nake a doubl ed tw st

yarn Révi ng razsfuulrtené:m @bn@eﬁwadtemnerof Sihisgdie rdeublaed 3 WSt pravnandere 10

braided to raid rai S i ated w.th resin and
set hard, tg%ﬁﬁepgb 8985? % % ERﬂtrf@? ng régg%;o &%1N% x@inlng 160
of the resin. sgphe crel@r eaa@memltt hheadstar engidn gah trhﬁeﬁ’!ﬂidmndﬁT 866“% atamespher e
of high tenperature and hggg hum dity was neasured As a 15 result, the

strength retéft SERIGNS FESTOYNRES 78 Riglspbes? 0L hiEhn RS tAd Eeanpl e
19) and high humidity.

25 (Example 19)

The procedure up to the step of washing a
polybenzazole filament with water until the concentration
of the residual phoesphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was-

30 repeated in the same manner as in Example 18.
The wound filament was neutralized with a 1% aqueous

NaOH solution for 10 seconds, and washed with water for 30



The procedure up to the step of washing a pol ybenzazole filament with water
until the concentration 20 of the residual phosphorus reached 5,000 ppm or
| ess and winding the same onto a paper cylinder w thout drying was repeated
in the sane nmanner as in Exanple 34. The wound filanment was neutralized
with a 1~ aqueous NaOH solution for 10 sembnds, and washed with water for
30 25 seconds, and dried at 80C for 4 hours. The concentrations of the

resi dual phosphorous and sodiumin the resultant filanent wer e nmeasured. As
aresult, the concentrgtlon of hos horus was 4,7 ngb and .t hat of

sodi um 3, 366CPPRT TRE nﬁpéﬂnrHPPB OPDNS/P ﬁ5§l§°§§ 1pj FAkEARUthad a 30

strength regeptihgntat §%ﬁéaftQhetQ%uﬁHOE@QQmE%%thQE B'ﬂ@l%%ﬁﬁ%r%héb%nand
hi gh hum dity. Twel ve pol ybenzazol e filanents thus obtained were

twisted at 26THL3 n1t@hﬁaWQuaddémba@éntwwgs ﬁapﬁeﬁavhng éathné@é§sn@fa3 000
denier . S XLEN-BUbLed sLubshovar 0o suere DLakdadl g make, g Braid, The braid

was i npregnate epoxy résih and Sét er eby prOVI ¢ a rod

with as5 di aneter oehidap teapkahbRurg 160of) th@rrgswuréf headgcfgase in the
strength of the rod undef an atnpsphere of hlgh tenperature and hi gh

hum dity waseneasdr €domAsha bastl tndt Heistr engBbec etent 4 omovfst heThed was
73 which was inferior to that of the rod of Exanple 34. 10 According to the
present inveRLCEALTRLiPEspedsithee re6iprati B8CgPpOIPEENn2AZ0Sef 1 Bed Ny od f or

reinforcing, E%g?@Euﬁ@gnﬁo@g&Sh%ntwﬂ LG ﬁ%@sﬁ%fP'C'%ﬁtkyrggb”Ea'@ nghe

strength even ter exposed to an atnosphere o tenpérature and high
hum dity ovebnaehomgtpenlod phonheru$5w@Ex3mﬁD@ 35% Aapal yhmertt ddpe of

50 ULAG ot SHCIUReadaPad Befng IhherRARESGRT o £ adrdCsbrt Pono-i nine

pol yphosphorkiig aaehé eaat ai BirRan4n3 rek cphaspherus 720 spert-aoxicde tWas ge
extruded through a nozzle haV|ng 166 holes with dianeters of 0.18 nmat a
£

spi nni ng teﬁﬁéﬁavﬁﬁéroﬁnl?EeOﬁé senrfi hagenttsmrena tiireaspat §1@kr e di pped
ina first g@' bath whi ch was so |ocated as to cause the filaments to
be converged at an approprlate position to 25 forma nultifilanent, and
solidified. (Bxqgumeneh20hanber was | ocated in an air gap between the nozzle
and the first masgén%fbath so as to el ongate the fhlanents at a nore

uni f or'm t enper at & RECHUERCHP ERp&F&t G-EPWAS BOER1THe 3 i | aments were

washed “ﬂthpW@&%%n%@%bhetB@l%ﬁ@%%n%ﬁ%hlQBt@E %Qtﬁheth%sb@%%%nﬁQ%%BB%rOUS in
t he pol ybenzazole filanments reached 5, % pmor |ess, and were wound onto
%

a paper cyIpﬁdéhewﬁﬁﬁédvadrph@gp@ﬁéu§aﬁﬁac é ﬁa@@@pppat@rwé§520@nd

winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 18.

20 The wound filament was neutralized with a 1% agqueous
NaOH solution for 10 seconds, and washed with water for 30
seconds, and again wound onto a porous resinous bobbin
without drying the same. The wound filament had a moisture
regain of 50%. A solution of m-phenylenediamine (2.8 g)

25 and p-phenylenediamine (1.2 g) in water (12 L) was poured
into an apparatus shown in Fig. 4, and the wound filament
was put in the solution, which was then circulated at an
ordinary temperature (20°C) for 24 hours. Then, the

solution was replaced with pure water, and the pure water

30 was circulated at an ordinary temperature (20°C) for one

hour. After that, the wound filament was removed from the



75 mmn.; the spinning elongation nultiplying factor was 40; and the
length of the filanment wound was 1,500 m The filanent wound had a fineness
of 1.5 dpf (denier/filanent) as a nonofilament, and a dianmeter of 1.5 ~m
and a noisture 5 regain of 50. The wound filament was neutralized with a to
aqueous NaCH solution for 10 seconds, andilwashed with water for 30 seconds,
and wound onto a porous resinous bobbin w thout drying the sane. The

noi sture regain of the wound filanent 10 was 500. A solution of

m phenyl enedi am ne (2.8 g) and henyl enedianine (1.2 g) in water (12 L)
was pour ed aﬁpéraﬁuapaaﬁaﬂaéeehégn P Fier &, %meStheTm%uﬁhr¢wl%he®@5mas
put in the I LO h r a t _an dj nar erature
(20C) for hgbrsﬂl%ﬁ@ag e soggglgﬁ &gg %gq%g gcegE h?% ¥8?§gaater and
t he pure maseppmaedcuhculahedlaQuadsordmharyoheenerathes(BGCkhéor one
hour. After that, the wound filament was renoved fromthe ap aratus and

dried at 80ESFAPUZLNBLPEP RIS AREI 8PFGHE oF thE FP§Hi 88 el 188 Ped out
while an aip.paspReingegupphied kataitherr@ Lbauids-afhgncoprcentrations of
t he residual phosphorous and sodiumin the resultant filanment were

nmeasur ed. Aphaspbsubit, wehelec8Afepprmat aoa @hapho§phodmsmwa§6m 900 . ppAheand

that of sodiu 760 | ar rati,o of,, Na/P.,wa flla nt had
a strength PSE%Hthﬁggfoéo 3{P2Wa§56 g6jec 8 lﬁmgpg Sg ?eg L§P9k gh

t enper at ur erandnhigh BENbdRt ¥ f-Ewnekue B@bYQQBZ@é@keuﬁdbaﬁﬁﬂt§thb@§h@bbalHEd
were twi sted at 20T/1 mto nmake a doubled tw st yarn having a fineness of
3,000 deni ePf Whehd&aBPedatirst apdr R3oRePE™3diiEven with a rapier loomto
make & pla'QEﬁﬁﬂ¥$ fg@ ic which was filled with 17 warp yarns/inch and 17
weft yarns/inc fe melght of the fabric was 485 g/ n2. The tensile 76
strength of the ffabr pcocrdtihe war podihectitep wiswé2Bikg/ em The decrease in
the strength fabric¢.under an ms here of _hi gh te ture and high
U di Ly aBoUREFBa0 Rs thl FEEHE: Wi EhanEPEngrh L oE UAt FORCRRLTAS Aigh 5 a6
82% (Conpapat ikue Eé@ﬂﬁhgl29ho¥BﬁoEﬁ9C@€HEﬁe@p5§Qobhgpﬁt6@ obswashhng a

pol ybenzazol e filament with water until the concentration of the residual
phosphorus réaehed 5he0eappnroiol espanrd TtULWAEFnyltheusanEYénbowaspaper
cylinder w ying s e n_the_s n as in Exanple 35.
The mgﬁnd f%Fgﬁéﬁgﬁm%Q ﬁggt?% ?z@éﬁaf%hag ?8 ggﬁ@%ﬁ% %SCH solution for 10
seconds, and masmed wobtihdwét éemeork Bésseeumdsllaad diicedaatl $86Guktons4

hour s. The con ions .15 of the residual ro ium.i.n the
osu tam  NPaReAp L abn N 152, Ty SeRehESy ool MR AR H R B ALET atoh 30

phosphor us @@%oﬂdzooaﬁﬁnhgéﬂﬂ kB@thEn%@dbU5br%u§09eB@Hbugh%oﬁBhﬁr ratio of
Na/P was 0.95. The filanment had a strength retention of 82% after subjected

to the storagéhQGtté§wlﬂﬁdéheaﬁa@€ﬁosﬁhéreoeﬂdhﬁgﬁa@éﬁﬁehéﬁuﬁemaﬁéLHF@h

hum d Tyel I h t
2011 1208 10 WERE R QGBI ad 1 i S0 AT N nGui o L TP ReRess "h S, 400 agni or . The

doubl ed tmnahdyaﬁphem@ﬂenéalmmuee wiLt. B g)rapl@atbmonﬂQoLmaWesapphabd weave

fabric which s filled with 1 rns/i_nch and. 17 weft arnsllnch The
wei ght of tﬁﬁ%%aﬁplépﬁé§35§6 S%HWH ?He%ansPV E% gHGtWOBF élﬁgﬁplc in

the warp di yaet bar Was t837 skadl:.eAonThendedr @ase thent ke retinengih sef ahhe
fabric under an
ordinary temperature (20°C) for 48 hours. Then, the

25 solution was replaced with pure water, and the pure water

was circulated at an ordinary temperature (20°C) for one
hour. After that, the wound filament was removed from the
apparatus and dried at 80°C for 4 hours. The circulations
of the liguids were carried out while an air was being

30 supplied into the liquids. The concentrations of the
residual phosphorous and sodium in the resultant filament

were measured. As a result, the concentration of



30 atnosphere of high tenperature and high hum dity was neasured. As a
result, the strength retention was 65% which was inferior to that of the
fabric of Exanple 35. 77 According to the present invention, it is
possi bl e to provide a po=ybenzazole fiber sheet for reinforcing cenent and
concrete, which can sufficiently maintain2he strength even after exposed
to an atnosphere of high tenperature and 5 high humdity over a | ong period
of time. (Exanple 36) A polymer dope of polyparaphenyl enebenzobi soxazol e
(14 wt.o0) havin intrin VISCOSIt of .3 / t 30C asured_using a
nethanesulfBﬁPégaeFHSSUPEt o% Ui kP B Eﬁégpﬁg gegéemd 88ﬂeﬁpﬁlng 53 3 of
phosphorus pgngaoxkdeo,nas ﬁéy[»ucégg thQUQhTﬁen@HbﬁeH@VhBa 466thahgenwi th
dianeters of 0.18 mmat a spinning tenperature of 175C to formfil anents.
The f||anenrgtaeteod|pée&Zrnaétetr§hema§hragebéeﬁtmnndhrmag sémpsphesd as
to cause the 0 rge . appropriate position to
forma nultlFlﬁaﬁent aE |d|§ 5?9% g&%%gﬁgghanber was | ocated in an
air gap betwegamphe ngzzle and the first washing bath, so as to el ongate
the filanents at _a nore uniformtenperature. The quench t enperature was
60C. The 20 fil afBAt BTRELEURAsHRI TR £RewateP Gat FESPRBIcBncentration of the
residual phaspOREAyS bR be1BALybenzazol g kil aeats heachadanc0901BRM cr

| ess, and rewound onto paper cylinder mnt ryi ng the sane.

t akeup rateoﬁa$h20®esﬂdhal phbspbpruﬂlmgaehedgétOOﬁ ppht ppl Yerg hadtor mas
40; 25 and the Ieng%g he fllanent woundl S I,SOg m. Ige filament wound
had a fi nend$894p97 edSFmFdSH 8r Pf PPRENEY A58 8GR PRANERY I "Nl 25

di ameger of rdledtzdmiandha BBhS! HE@nkegakniafl Eh@mplEheswound fil ament was
neutralized wth a 1~ aqueous 30 NaOH solution for 10 seconds, and washed
with water for 38h§etoHAS, IaAGIEBENHASNNEUATRSAERS Héshnaud *hEBBRAI thout
drying Lhe RAR. <MhecoBheture begelaaat, | BRanRMadCl | atBnLaref0 RS 580~ A

sol uti on of mphenyl enedi am née ( g) "an phenyl enedi am ne

water (12 Lpesaadpouned egtdnawoappapatusaspownusnrEsgnobs apntbtihe mound

filament was put in the sol tion, was t irculated at an dlnary
5 tenperatuWé%g?Bé)dFéﬁn§4 SuﬁémeTheﬁgetW8u§ IgﬂﬁéﬁeﬁéshﬁgpPaBQ& PtR pure

vat er ; sand tRgaRUr 8 Waber, Was sehheubat 8¢ atpaBngndhean ¥k arpgualyr en(200)
for one hour. "After that, the wound filanment was renoved fromthe apparatus

and dried awagec f(ég 9) hU@ﬁsPOmﬁédcﬂﬂéQIéﬂléﬁ@aéﬁtpﬁeshpaﬂld§ Wede D0
carried out W@'kﬁ a%oﬁh@ R%h@gwﬁﬁg@hkeqn g gﬁﬁukhgﬂ'd%hlzﬁewas

concentratlons of the res hos ous an rumin the resul tant

filament wer@emeastcedatAs @tr@&Ub&dlhEQyCQgﬁgﬁkbﬁhk@n (obephosphotgs was
1,900 ppm and that of sodium 760 ppm The nolar ratio of Na/P was 0.54.
hours. Then, the solution was replaced with pure water,

20 and the pure water was circulated at an ordinary
temperature {20°C) for one hour. After that, the wound

filament was removed from the apparatus and dried at 80°C
for 4 hours. The circulations of the liquids were carried
out while an air was being supplied into the liquids. The
25 concentrations of the residual phosphorous and sodium in
the resultant filament were measured. As a result, the
concentration of phosphorus was 1,400 ppm, and that of
sodium, 280 ppm. The molar ratio of Na/P was 0.27. The
filament had a strength retention of 95% after the storage
30 test under an atmosphere of high temperature and high
humidity.
(Example 23)



15 The filanent had a strength retention of 90 after the storage test under
an atnosphere of high tenperature and high humdity. The resultant fil anent
yarns were woven with a rapier loomto nake a plain weave fabric which was
filled wwth 60 20 warp yarns/25 nmm and 60 weft yarns/25 mm The wei ght of
the fabric was 138 g/m . The tensile strdAgth of the fabric in the warp
direction was 2,660 N3 cm The decrease in the strength of the fabric
under an at nosphere of high tenperature and high hum dity, and the decrease
in 25 strength oi the fabric wh ] P hgﬂ be ﬁn su jectﬁd to_a light resistance
test were neasur oS EEOﬁegEEEpr Re“8Er2hGP n°r et 8nt'f BRs?t hereof were as

hi gh as 82opagngp62zaz6esPECt hMehY- wtgpnwatetlMﬁtﬁzaﬁnéecaﬂteﬁerabeon
procedure up to the step of washing a pol ybenzazole filanment with water
until the cohAckheraesbAuat phespbsrdaarephdspher U80reaBhed 56602pPm or

| ess and 7 t a n PAPEL; € o] [ was

r epeat ed in" ?ﬁéﬁ nggﬁagﬁgé §§t§n5 gﬁp? gg% M#ﬁ &%Eﬁ%EP F Xgﬁ¥ Qgs

neut r abi zedrapthtadt dbnagheossmblaGkhseluts onnf BradPlsetdnds, and mashed with

water for 30 5 seconds nd. dried at 80C for 4 hours., K The ncentrations of
he T oo dusl holBRorauedans SBEREAvRS TROCFBLAFSanE L EN Sront SapaaS

measured. A§aguresphtiohheogongentE8hieN fhdPNOSRBAT WEtWaRa e F 08PPIy and
that of sodium 3,300 ppm The nol ar ratio of Na/P was 0.95. The fil ament

had a 10 stsengnﬁsreaedtBgﬁlDfWBQDdabﬂeO @heogeesageSteQUSUhaeblan

h t. hi d h h di,t Th
yarne wer & AoGERC CAVB P apl Br SFBom 1 o Rl A pk AR GBEVE-Pabr P AACCR was

filledow thr8gawarpryaons/ 2 BﬁlaﬁdoﬁooﬁBﬁPpMéﬁ95éﬂ§dﬂﬂhlﬁbe Bepgbt of 15
the fabric mes 135 g/ n2. The tensile strength of the fabrlc in the warp
di recti on was8doP7BBERY3epAfiigRénaedPedse) i ANt HRTEET R4t A oWthBOFéﬁglc

under an atQH%BhgﬁeaB%aPEEBSt§HB§ﬁaEHr91§nd5h'QﬂthHbdkBMnda@§lBH8n€eCrease
in strength of the fabric which had been subjected to a light 20 resistance

test were neasuped. iAsthereslibtionhewbirbngeh Feeenticasleheredst aere 63%

and 47% respectively, which were ipnferior to those of the f brlc of
Exanpl e 36. gﬁéﬁﬁawnéeFBeFﬁEuEFeééﬁg th@%ﬁt%%nﬁthsts D% bt t o provide a

kni fe;proof ;yest ; ppde of L Etaeebyﬁeeaageggt%éttttagﬁgtEh@hbsteCQQter

suff|C|entIy mai ntain the strength eve er exposed to an at nosphere of

hi gh tenperatureiandihtgl hunkdi bydoveryvatknpgrpetnired (ebet) nBor akige Whi ch
al so shows high durability, i.e., a hi%h strength retention after exposed
to xenon |rPQHFat|6ﬁtegot¥E%anﬁhé gPynA polpRertdype semoved from the

pol ypar apheqyl enebenzaRisgyazal g( e ed- NPASG-EN TR T BpiSu Kl osgRLtY of

of the ligquids were carried out while an air was being
20 supplied into the liquids. The concentrations of the
residual phosphorous and sodium in the resultant filament
were measured. As a result, the concentration of
phosphorus was 1,200 ppm, and that of sodium, 360 ppm. The
molar ratioc of Na/P was 0.40. The filament had a strength
25 retention of 93% after the storage test under an atmosphere
of high temperature and high humidity.
(Example 24)
The procedure up to the step of washing a
polybenzazole filament with water until the concentration
30 of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was

repeated in the same manner as in Example 18.



80 neasured using a nethanesul fonic acid solution, in polyphosphoric acid
contai ning 84.3 of phosphorus pentaoxi de was extruded through a nozzle
having 166 holes with dianmeters of 0.18 mmat a spinning tenperature of 5
175C to formfilanments. The filanents were dipped in a first washing bath
whi ch was so located as to cause the filawents to be converged at an
appropriate position to forma multifilament, and solidified. A quench
chanber was |ocated in an air gap between the nozzle and the first 10

washi ng bat h, so s to elongate the filanents._at mpre uniform
tenperature. TheT ﬁeHEHHFeﬁgé@Q?BFewﬂésn@@éra%ﬁéeglWéﬁ@n?slﬂeﬁguﬁﬁgﬁed Wi th

vater untilyibhg %QWE%QBBaEanlgfsEE%nB%S'QH@'wBQﬁ%BhQEQHwa@eEh%or 30
pol ybenzazol e filanents reached 5,000 ppmor |ess, and were wound onto a

paper 15 cybendedsmnahduagdnylwgunueosanea wheouakeaplnaue wabb200 ninln

th i nni t Ltipl fact 0 d.the |
1T anent wolAG A £r8a8omehehaoFEr anbhE WBIRG padeBerrnangss BP 12 5 Thp apf
(denies/fil aagatih 8% aO%DnOAIEama@&onaaﬁ a-ghanpteneafiaking +m.8ng)a

nmoi sture 20 regain_of 50. The wour _d filanmen~ was neutralized with a 1.
aqueous NaORngoPuPhERYi6ReldaBaBENndsS - 2afd Washedewi t'h2wat erafoPo30egeconds,

and wound 0f1,9,3,A0L O LESLN s, Hobh 8141 BouLdrying, bhecsane . [he

noi sture regain o woun I Tament 25°Was I"Gti on o
m phenyl enedeanpné (3. ahg)saﬂdtpphenwhenedwaSImeeﬁlczrgplBMeWaBEraﬁlz L)
was poured into an apparatus shown in Fig. 5 and the wound filament was

put in the 88R4PREN, LREPERaREE St HER® %lr€®¥a¥@dh%¥r%n of ¥¢har YR ¢ enper at ur e
(2000 101 280600 5n TASN.-H1S 20 WhkAN RS A0 LEPkacRd Bh LD B oopal ar . and
the pure water was circulated at an or |nar tenperature 6 or ‘one
hour. After rihat, of 81l0theowandahdl aientguasuseNaodd sblamibhewappar at us
and dried at 80C for 4 hours. The circul ati ons of the liquids ~ rere
carried out CMicNdasrdapt was Obeilng ryuSsMPedaitirs tRE°T] qfpBsonahour .
concentratlgg% gf kh% r%isduounghggghﬁe%%sWgsaggmggglU%E|n Eﬁ% resul t ant

filanment were measur he ‘concentration opnbhosphorus was
1,900 ppm éﬁgakaﬁhsoﬁn&OQEH@b 460 sppt rdhes nRbars ! at e 0f 1 Nah Pavasn 8. 54.
The filament had a strength retention of 900 after the storage test under
an at #dsphepé Ghehilghutdrpercaeurerangdlousi ghlhenedi epr Tas peliplbenzazol e
filanments t al I bu ot e yarn with a
t hi ckness oﬁﬂégg? ? %q?he%§a§§§% % %P% hcﬁé%gg%éegﬁn%%tﬁﬁg rapier

|l oomto nakeealﬂhaunpweapeoﬁabgl@nﬁlbb@dumnhh.3aewaé9u15awarmsﬂam@htand 30
weft yarns/inch. The wei ght of the fabric _was 135 The tensile

strength of "FRE WﬁBFPEeﬂn t hé @aFﬁsHﬁFechﬁnC®§§e§%€aﬂﬁ§ncﬁl The decrease
in the SFre?Bb@pﬂBrh@e whabnl @ounder annat Fesrhere sk i hihgh 1BeMpenat urgeand
hi gh hum di and decréase in the 20 strength of the fabric which had
been §@bjecm@datoratupgnﬁ tepgbsure tesd weﬂ@ewéaéam@nt A@daar@§mbmgthhe
strength re nt| ns_of _the.fahr as 82 and _as _hi s.62.1,
respectlveI§% 5 %n%§r§F|§§ Ex% Ie%gf) %grf e 6Fgge uggruﬁ%tgtpﬁ ngﬁ of
washi ng a p@Eyhe@hazeh@eﬁekam%nbrmnhthahamldﬂtwl t he concentration of the
resi dual phosphorus reached 5,000 ppmor |less and wi nding the sane onto a
paper cyllndggamptﬁoﬁé )drying was repeated in the same manner as in Exanpl e
37. 30 The woundrhiel areRkdiee ReUthakihzed tat b rahenagdequs NaCH sol utior
for 10 seconds, and washed with water for 30 seconds, and dried at 80C for
4 houks. Th@Oddb@@ﬁ@ﬂ@ﬂﬁoﬁglam@ztoMlthewmégwduaﬁléh@@@h@p@@gném@tSQ@lun1|n
the resultant. filanent were neasured. As _a %§§I?88the concentrati on of

phosphor us ﬁgst 766868ﬁﬁla &OS Or&ﬁ §§ﬁfﬁﬁ1 Bﬁﬁiofhe S5l &7 % ati o of

Na/ P was O. &5nd1&@ frihleasaiftie Rad ca a5 pSipeengih iheleentiienhoeft 82 yahieivatshe
storage test under an atnosphere of high tenperature and high humdity. Two
pol ybenzazoF€Prptaferts tHhisus$ 38kt iraed twérce 1dofiree® Hsutl Snot twi sted, to make
ayarn wth a thﬁ%%”%%%d@ §¥¥%m% &X ya ENQ YA %1EQH§PHQE@'nq@ %%@% o(fgven
with a rapier 10 Toomto nmake a plain weave fabric ITed h war p
yar ns/3ionch NH@HBGOWQtuomadmsfﬂ@cmedﬂmdaMaamﬁ weifs hielde wiidthr iwa twars £33 3@/ m .
The tensile stred%th of, the fabrlcd n . .

and again wounhd onto a porous resinous bobbin

without drying the same. The wound filament had a moisture



tthe warp direction was 5,740 N3 cm The decrease in the strength of the
fabric under an atnosphere of high 15 tenperature and high hunidity, and

t he decrease in the strength of the fabric which had been subjected to a
|'ight exposure test were neasured. As a result, the strength retentions of
the fabric were 630 and 470, respectivel ¥5which were inferior to those of
the fabric of Exanple 37. 20 According to the present invention, it is
possi bl e to provide a bul | et proof vest nade of the polybenzazole filanments

whi ch ffi t he st th ft t
A mosphor e OFSREGNCEehBar at i BCARA ARGR nOrFACLY 606r AT Big |aefi 84 of

time, and w@h@hpaba@n§m@w@d25mmhgh (dupabi | ihywaiee. (18 highast benakh
retention after exposed to xenon |rrad|at|on. | NDUSTRI AL APPLI CABI LI TY

Si nce the céﬁﬁasaﬂiéﬁ§arﬁﬁé8fﬁbéwg én fﬁganémt§nénahsoWPH@dfiﬁ&@maééording
to the present in entlgg g %he prog S nad thereofHE ¥e hlg 8§géength
retentions &F&nP 5 t &F &Xpo8&dUtd 8t n¥Eph r5§so Ri'gfi L EHperafufss hi gh
83 hunkdityreves hengsperirads, thElgeaut&ohswa@8§b?h@cba makkedl,ycexpand
the applicable fields therefor, and thus they contribute much to the

i ndustries. watsn,caAdehﬁ pArpow§béﬁzu2élélé@nﬁé§eﬁuéﬁ @anpadmnﬁgya basi c

subst ance. ol yben onposi tion according to cl 5 wherein
t he basic sGB@Pﬁ €§%F§ 3%6 baﬁ?% FpoUnt:  FEEHofyhenz %I%O%%ﬂp03|t|on

accor di ng t? Hk1Wa§h§Eﬁ ph%rgﬁskﬁesgB§E§§ESS'288”d9 ni¢ gaspound

soluble in ma er or rophi Ti ¢ “Sol vent enzazole composi ti on

accor di ng t@o@lalnbmrslo Wh@reumchmetb@ﬁbCOSUEEEaEQQutasSQbQ@t@dr&ﬁ@@lthe
group_consi sting of guanidi nes, trlazoles aui nazol i nes, pi per.idi nes,
ani | i hds, p§PFdIRdseard @yantPScbaendsSuBPlACBolphensheolt&oilBEr caRBri sing

a pol ybenzazghe.;erResbLkOR acGer ¢hag4ta1ChabehortE:6and eehxgﬁn%ﬁzole
filmconprising a polybenzazol e conposition according to claim

pol ybenzazokeef rbenlaecsr dingmentchairm Beawhired . coﬁsaanseauba5|¢hergan|c
compound i n %Q%eg rgkggnao 8osph82u% %%gdgeﬁappm, and that of sodium,
200 ppm. The molar ratio of Na/P was 0.30. The filament
15 had a strength retention of 92% after the storage test
under an atmosphere of high temperature and high humidity.
(Example 26)
The procedure up to the step of washing a
polybenzazole filament with water until the concentration
20 of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 18.
The wound filament was again wound onto a porous
resinous bobbin without drying the same. The wound
25 filament had a moisture regain of 50%. A solution of m-
phenylenediamine (2.8 g) and p-phenylenediamine (1.2 g) in
water (12 L) was poured into an apparatus shown in Fig. 5,
and the wound filament was put in the sclution, which was
then circulated at an ordinary temperature (20°C) for 24
30 hours. Then, the solution was replaced with pure water,

and the pure water was circulated at an ordinary



20 8. A polybenzazole fiber according to claim5, which contains a basic
organi ¢ conpound sel ected fromthe group consisting of p-phenyl enedi am ne,
m phenyl enedi am ne and a m xture thereof in the formof a nonomer or a
condensate. 9. A polybenzazole fiber according to claimb5, 25 wherein the
X-ray nmeridian diffraction half-width fadtor is O . 3/GPa or less . 10. A
pol ybenzazol e fi ber according to claim5, wherein the elasticity decrenent
Er attributed to change of nDIecuIar orientation is 30 GPa or |less. 30 11.

A pol ybenzazol e fi ber acco ing to claim5, wherein the breaking strength
of the fibeFeFReIaEPEe of 2 Prtgre ng.LZ Or}@ P ¥benZirdie Fider talb%d'}‘%‘%ﬁé to claim

5, which 518 staple fiber ol ybenzazol e_spyn C ising a
polybenzazogél?T%%F %%%oF%mﬂﬁe?o ﬁbg %aar% B%I?Bgnégiége woggﬂfor
knitted fabebs QOH@ﬁr§IngTﬁeacpetubgﬁz@ﬁgl@fftherlaqggaglngréocgk@haHS 15.
A pol ybenzazole felt material conprising a pol ybenzazole fiber according to

claimb5. 160URA pbiybenrazbl ewadnposngesvapetfdl 1abapEhsi hgaaigel ybéheazol e
1 bet according. %Qrglc%ﬁg%fl@qé? &: R0bYPENEeZaLe 60" dn 6OURK | ShNgna
i aim . pol'ybe

pol ybenzazol'e eér according to ¢ nzazole rod
conpri sing aheotybehzamoléliaMentaweDedmegsuoedLaiHBSa t8suAtpokybenzazol e

fi brous sheet for relnforC|n8H15 cenent and cgo rete, said Eheet conpri si ng

a pol ybenzaZ8PecFFharIaRcof dPRgSPBOETSI WRE. L 2000 APBBY yBBAZ 528Fe°fi br ous

sheet for r@baieﬁCIagpgﬁnen@h@nﬂogggczstg® 8@9N§/P t;pg breakhpg strength of
sai d sheet is 50 kg/cm or nore. h-igh strength fiber conprising a

polybenzazofelambet hedoadshgengtblaehﬁﬁtlgz oA RARf efpevotheestocsmpri sing

o onor{BenzagerLe LhagEL S6eE8bRnteCuR M an EdrplrpkirEraRboRla oS!

humldlty
(Comparative Example 3)
The procedure up to the step of washing a
polybenzazole filament with water until the concentration
15 of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 18.
The wound filament was neutralized with a 1% agqueous
NaOH solution for 10 seconds, and washed with water for 30
20 seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The filament had a
25 strength retention of 82% after the storage test under an
atmosphere of high temperature and high humidity.
(Comparative Example 4)
The procedure up to the step of washing a
polybenzazole filament with water until the concentration
30 of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was

repeated in the same manner as in Example 18.
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hour. After that, the wound filament was removed from the
apparatus and dried at 80°C for 4 hours. The circulations
of the liquids were carried out while an air was being
supplied into the liquids. The concentrations of the

5 residual phosphorous and sodium in the resultant filament
were measured. As a result, the concentration of
phosphorus was 3,600 ppm, and that of sodium, 2,200 ppm.
The molar ratio of Na/P was 0.82. The filament had a
strength retention of 79% after the storage test under an

10 atmosphere of high temperature and high humidity.
(Comparative Example 6)

The procedure up to the step of washing a
polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and

15 winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 18.

The wound filament was neutralized with a 1% adqueous
NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without

20 drying the same. The wound filament had a molsture regain
of 50%. The wound filament was allowed to contact a
solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) for 60 seconds,
and dried at 80°C for 4 hours. The concentrations of the

25 residual phosphorous and sodium in the resultant filament
were measured. As a result, the concentration of
phosphorus was 4,400 ppm, and that of sodium, 3,200 ppm.
The molar ratio of Na/P was 0.98. The filament had a
strength retention of 81% after the storage test under an

30 atmosphere of high temperature and high humidity.
(Comparative Example 7)

The procedure up to the step of washing a
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polybenzazole filament with water until the concentration

of the residual phosphorus reached 5,000 ppm or less and

winding the same onto a paper cylinder without drying was

repeated in the same manner as in Example 18.

5 The wound filament was neutralized with a 1%

agueous

NaOH solution for 10 seconds, and washed with water for 30

seconds, and wound onto a porous resinous bobbin without

drying the same. The wound filament had a moisture regain

of 50%. The wound filament was allowed to contact a

10 solution of m-phenylenediamine (2.8 g) and p-

phenylenediamine (1.2 g) in water (50 g) for 60 seconds,

and dried at 80°C for 4 hours. The concentrations of the

residual phosphorous and sodium in the resultant filament

were measured. As a result, the concentration of

15 phosphorus was 4,600 ppm, and that of sodium, 3,300 ppm.

The molar ratio of Na/P was 0.97. The filament had a

strength retention of 81% after the storage test under an

atmosphere of high temperature and high humidity.

(Comparative Example 8)

20 The procedure up to the step of washing a

polybenzazole filament with water until the concentration

of the residual phosphorus reached 5,000 ppm or less and

winding the same onto a paper cylinder without drying was

repeated in the same manner as in Example 18,

25 The wound filament was neutralized with a 1%

agueous

NaOH solution for 10 seconds, and washed with water for 30

seconds, and wound onto a porous resinous bobbin without

drying the same. The moisture regain of the wound filament

was 50%. A solution of p-phenylenediamine (4 g)

30 (12 L) was poured into an apparatus shown in Fig.

in water

5, and

the wound filament was put in the solution, which was then

circulated at an ordinary temperature (20°C) for 48 hours.
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Then, the solution was replaced with pure water, and the
pure water was circulated at an ordinary temperature (20°C)
for one hour. After that, the wound filament was removed
from the apparatus and dried at 80°C for 4 hours. The
5 circulations of the liquids were carried out while an air
was being supplied into the liquids. The concentrations of
the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 1,400 ppm, and that of sodium, 320 ppm. The
10 molar ratio of Na/P was 0.31. The filament had a strength
retention of 83% after the storage test under an atmosphere
of high temperature and high humidity.
(Comparative Example 9)
The procedure up to the step of washing a
15 polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 18.
The wound filament was neutralized with a 1% agqueous
20 NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (1.2 g) and p-
phenylenediamine (2.8 ¢g) in water (12 L) was poured into an
25 apparatus shown in Fig. 5, and the wound filament was put

in the solution, which was then circulated at an ordinary
temperature (20°C) for 48 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,

30 the wound filament was removed from the apparatus and dried

at 80°C for 4 hours. The circulations of the liquids were
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carried out while an air was being supplied into the
liquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,200 ppm, and
that of sodium, 240 ppm. The molar ratio of Na/P was 0.27.
The filament had a strength retention of 84% after the
storage test under an atmosphere of high temperature and
high humidity.

The foregoing results are summarized in Table 3. As
is apparent from Table 3, the polybenzazole filaments of
Examples had very high strength retentions after exposed to
the atmospheres of high temperatures and high humidity, as

compared with the filaments of Comparative Examples.

<Table 3>

Conditions for washing, Cor:— Con-

neutralization and washing cer— cen- Molar Break- Strer.gth

Neutralization Washing tra- tra-~ ratio ing reter.- FEws Er

NaOH Time time after tion tion ol strength | ticrn

concen- neutral- of P of Na Na/P

tration ization

Sec. Sec. pPpm pem GFa % °/5Pa Gpa

Ex.18 1% iC 30 3800 23C0 0.82 5.8 86 0.25 24
Ex.12 1% C 30 3600 2C00 0.75 5.8 &7 0.27 22
Ex.20 1% 16 20 1200 760 J.54 5.8 90 .18 21
Ex.21 1% 10 20 1200 290 0.33 5.7 952 G.13 17
Ex.22 1% 10 39 1400 230 .27 5.7 9% 0.20 21
Ex.23 i3 10 33 1200 360 0.40 5.7 93 0.22 24
Ex.24 1% 10 3¢ 1400 1300 .25h 5.7 93 .15 18
£X.28 1% 10 30 200 2G0 3.30 5.3 g2z 3.20 24
Ex.26 - [s; ¢ 1760 0 0 5.5 39 .19 20
C.Ex.3 1% 10 30 47C0 3308C 0.9% 6.0 82 C.3%6 36
C.Ex.4 1% 10 30 4000 2430 C.B1 5.€& 78 0.37 40
C.Ex.5 % 10 3¢ 3600 2200 ¢c.e2 5.9 79 .39 36
C.Ex.6 1% 18 30 4400 3200 G.98 5.9 81 0.35 37
C.Ex.7 1% 10 30 4600 3320 0.97 5.6 a1 0.37 42
C.Ex.8 1% 10 30 1400 320 0.32 5.6 €3 0.3 32
C.Ex.9 1% 13 39 2200 240 0.27 5.7 g4 0.32 34
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10%t| & ()-!10%4| & () -

1 @!10% U& ()-, L* 10%

1 VS#10%c& ()-f,f 10% U& ()-z! d@ #10%UqU& () -y@ 10% U& () -

1 BL0% | & () -
Y"1 10%1] & () -

S10%

_ 10 U 10 U 10 U@ 10% U& ()-y7s$10% U& ()- @5  10% U&' () - 310%
U& ()-!d/ $10%gXgX& ()- !!#!1"C'") #dBVK@s2

Treating conditiocns
Temp. Mcisture Concen-—
Reagent Katio Time [Ye) regain tration of
before Treating
treatment Liquid
Ex.1€ Amiroguanidine - 3 hr. 2C 50% 2500 ppm
hydrogen carborate
Ex.19 2-Amino-1,2,4-triaccle - 3 hr. 20 5C% 2500 ppm
Ex.Z0 p-henylenediamire/ 2/7 24 hr 20 5C% 330 ppm
m-chenylenediamirne
Ex.21 p-Phenyleneaiamine/ 3/ 48 nr. 20 5C% 330 ppm
m-phenylenediamine
Ex.22 p~-Phenylenediamine/ 0/10 4B hr. 20 5C% 33C ppm
m-phenylenediamire
Ex.23 p-Phenylenediamine/ 2/8 48 hr. 20 50% 330 pprm
m~pher.ylenediamine
Ex.24 p-Prhenylenediamine/ 3/7 24 hr 20 - 50% 330 pom
m-phenylenediamine
Ex.25 p-?henylenediamine/ 3/7 8 hr 8s¢ 50% 330 pom
m-phenylenediamine
Ex.26 p-Phenylenediamine/ 2/7 24 hr. 20 z0% 330 pom
m-phenylenediamine
C.Ex.3 - - - - - -
C.Ex.4 Anincguanidine - 2 hr. 20 10% 2500 ppm
hydregen carborate
C.Ex.5 o-Phenylerediamine/ 3/7 24 hr 20 10% 330 ppn
m-phenylenediamine
C.Ex.6 p-Phenyleneciamine/ 3/7 60 sec 29 50% 330 ppm
m-pheny_enediamine
C.Ex.7 p-Preny_enediamine/ 3/7 G sec. 20 50% 8%
m~phenyienediamine
C.Ex.8 p-Fhenyienediamine/ 23/0 48 hr 20 50% 3320 ppm
m-phenylenediarine
C.Ex.9 p-Phenylenediamine/ 7/32 48 hr. 20 50% 33C ppm
m-pherylenediarine

(Example 27)

A polymer dope of polyparaphenylenebenzobisoxazole (14
5 wt.%) having an intrinsic wviscosity of 30 dL/g at 30°C,
measured using a methanesulfonic acid solution, in
polyphosphoric acid containing 84.3% of phosphorus

pentaoxide was extruded through a nozzle having 166 holes
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5 form a multifilament, and solidified. A quench chamber was

located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more
uniform temperature. The quench temperature was 60°C.
After that, the filaments were washed with water until the
10 concentration of the residual phosphorous in the
polybenzazole filaments reached 5,000 ppm or less, and were
wound onto a paper cylinder without drying the same. The
takeup rate was 200 m/min.; the spinning elongation
multiplying factor was 40; and the length of the filament
15 wound was 1,500 m. The wound filament had a fineness of
1.5 dpf (denier/filament) as a monofilament, and a diameter
of 11.5 um and a moisture regain of 50%.
The wound filament was neutralized with a 1% aqueous
NaCOH solution for 10 seconds, and washed with water for 30
20 seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put
25 in the solution, which was then circulated at an ordinary
temperature {20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried
30 at 80°C for 4 hours. The circulations of the liquids were

carried out while an ailr was being supplied into the
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denier. The tow was crimped with a push-on crimper having

rolls with widths of 20 mm. The crimped tow was cut with a
rotary cutter, into staple fibers with given lengths of 44

10 mm. The staple fibers thus obtained had a strength
retention of 90% after the storage test under an atmosphere
of high temperature and high humidity.

(Comparative Example 10)
The procedure up to the step of washing a

15 polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 27.

The wound filament was neutralized with a 1% agqueous

20 NaCH solution for 10 seconds, and washed with water for 30
seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3.300 ppm.

25 The molar ratio of Na/P was 0.95. Spinning oil was applied
to the resultant filaments, which were doubled to form a
tow having a fineness of 30,000 denier. The tow was
crimped with a push-on crimper having rolls with widths of
20 mm. The crimped tow was cut with a rotary cutter, into

30 staple fibers with given lengths of 44 mm. The staple
fibers thus obtained had a strength retention of 82% after

the storage test under an atmosphere of high temperature
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winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 27.
The wound filament was neutralized with a 1% agqueous
NaOH solution for 10 seconds, and washed with water for 30
10 seconds, and dried until the moisture regain thereof
reached 10%, and again wound onto a porous resinous becbbin.
A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put
15 in the solution, which was then circulated at an ordinary
temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried
20 at 80°C for 4 hours. The circulations of the liquids were
carried out while an air was being supplied into the
liquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 3,600 ppm, and
25 that of sodium, 2,200 ppm. The molar ratio of Na/P was
0.82. Spinning oil was applied to the resultant filaments,
which were doubled to form a tow having a fineness of
30,000 denier. The tow was crimped with a push-on crimper
having rolls with widths of 20 mm. The crimped tow was cut
30 with a rotary cutter, into staple fibers with given lengths
of 44 mm. The staple fibers thus obtained had a strength

retention of 79% after the storage test under an atmosphere
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5 to the atmosphere of high temperature and high humidity, as

compared with the staple fibers of Comparative Examples.
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NaOH Time time after tion Tion of strength tion
concen- rneutral- of P of Na Na/P
tratior izaticn
Sec. Sec. ppm prm GPa % °/GPa GEa
Ex.27 i% 0 20 1500 760 0.54 5.8 9C 0.18 21
C.Ex.10 it x0 30 4700 3330 0.95 6.0 82 0.36 36
C.Ex.11 1% 10 30 3600 22C0 0.82 5.9 78 0.39 36
<Table 4 Continued>
Treating conditions
Temp. Mcisture Conceri—
Reagent Ratio Tire oc regain traticn of
before treating
treatrent liquid
Ex.27 p-Fhenylenediamine 3/7 24 hr. 20 50% 330 ppm
C.Ex.19 - - - - - -
C.Ex.11l | p-Pheny.erediamine 3/1 24 hr 20 10% 330 ppm
5 {(Example 28)

A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
measured using a methanesulfonic acid sclution, in
polyphosphoric acid containing 84.3% of phosphorus

10 pentaoxide was extruded through a nozzle having 166 holes
with diameters of 0.18 mm at a spinning temperature of
175°C to form filaments. The filaments were dipped in a
first washing bath which was so located as to cause the
filaments to be converged at an appropriate position to

15 form a multifilament, and solidified. A guench chamber was
located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more
uniform temperature. The guench temperature was 60°C. The

filaments were washed with water until the concentration of
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5 and the length of the filament wound was 1,500 m. The
filament wound had a fineness of 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture
regain of 50%.
The wound filament was neutralized with a 1% aqueous
10 NaOH soclution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
15 apparatus shown in Fig. 5, and the wound filament was put
in the solution, which was then circulated at an ordinary
temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated

at an ordinary temperature (20°C) for one hour. After that,

20 the wound filament was removed from the apparatus and dried

at 80°C for 4 hours. The circulations of the liquids were
carried out while an air was being supplied into the
liguids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a

25 result, the concentration of phosphorus was 1,900 ppm, and
that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
The resultant polybenzazole filaments were cut into staple
fibers with lengths of 51 mm, which were then twisted at a
twist coefficient of 3.5 to make a spun yarn having a

30 cotton yarn count of 20 Ne. The spun yarn thus obtained
had a tensile strength of 9.8 cN/dtex, and had a strength

retention of 77% after the storage test under an atmosphere
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The procedure up to the step of washing a
polybenzazole filament with water until the concentration
5 of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 28.
The wound filament was neutralized with a 1% aqueous

NaOH solution for 10 seconds, and washed with water for 30

10 seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The resultant

15 polybenzazole filaments were cut into staple fibers with
lengths of 51 mm, which were then twisted at a twist
coefficient of 3.5 to make a spun yarn having a cotton yarn
count of 20 Ne. The spun yarn thus obtained had a tensile
strength of 9.1 cN/dtex, and had a strength retention of

20 60% after the storage test under an atmosphere of high
temperature and high humidity (80°C and 80 RH%).

(Example 29)
A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,

25 measured using a methanesulfonic acid solution, in
polyphosphoric acid containing 84.3% of phosphorus
pentaoxide was extruded through a nozzle having 166 holes
with diameters of 0.18 mm at a spinning temperature of
175°C to form filaments. The filaments were dipped in a

30 first washing bath which was so located as to cause the

filaments to be converged at an appropriate position to
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m/min.; the spinning elongation multiplying factor was 40;

104| 104]

10 and the length of the filament wound was 1,500 m. The

filament wound had a fineness of 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture
regain of 50%.
The wound filament was neutralized with a 1% agqueous
15 NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
20 apparatus shown in Fig. 5, and the wound filament was put
in the solution, which was then circulated at an ordinary
temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary :emperature (20°C) for one hour. After that,
25 the wound filament was removed from the apparatus and dried
at 80°C for 4 hours. The circulations of the liquids were
carried out while an air was being supplied into the
ligquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
30 result, the concentration of phosphorus was 1,900 ppm, and

that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
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fibers with lengths of 51 mm, which were then twisted at a
twist coefficient of 3.5 to make a spun yarn having a
cotton yarn count of 20 Ne. Two such spun yarns were

5 twisted to make a two folded yarn having a yarn count of
20/2 Ne. The two fclded yarns thus obtained were woven to
make a 2/1 twill fabric which was filled with 68 two folded
yarns/inch in the vertical direction and filled with 60 two
folded yarns/inch in the lateral direction. The tensile

10 strength of the resultant twill fabric in the vertical
direction was 4,260 N/3 cm. The twill fabric had a

strength retention of 78% after the storage test under an

atmosphere of high temperature and high humidity (80°C and
80 RH%) .

15 (Example 30)

The spun yarns having a yarn count of 20/1Ne obtained
in Example 29 were knitted to make a round braid which had
68 stitches/inch in the vertical direction and 29
stitches/inch in the lateral direction. The tensile

20 strength of the round braid in the vertical direction was
1,530 N/5 cm. The round braid had a strength retention of
76% after the stcocrage test under an atmosphere of high
temperature and high humidity (80°C and 80 RH%).
(Comparative Examplie 13)

25 The procedure up to the step of washing a
polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 29.

30 The wound filament was neutralized with a 1% agqueous

NaQOH solution for 10 seconds, and washed with water for 30

seconds, and dried at 80°C for 4 hours. The concentrations



=uV4 1S #10%&' ()-10%=X' ()-S10%& ()- 10cc 10cc

10cc! 93t $10%c& () - 393t $10%&' () - 3ER{ Y7uV4 |11 [ P$109%&' () -! VP$10%& () -

P$109& () -c! dP$L0%GGE () - 109G& () -! HS #10%H& () - W1<. 4
10! n+$100%& () - ! Qr$10%&’ () - +$10%G& ()- ! +$10%& ()-")g

10938 () - P$10%GE () - 1236pZgE4 10! n!, $109@ 2 ) - S&L0%& () - 10%& () -

10968 ()-f109%G& ()- 10 10zglg|] >E4
10! f #109G& ()-!' 1096G& () - #109G& ()-!Q $109& ()-!L, $109%& () -

, $10%K&' () -uj _@

10! S10% h& ()- . 10G 10G.10 o
109638 () - 3( %o&éﬁ' £ )?§FEéeﬁéb}ﬁs??%%%o@/@d&sP)i-lk“-n, al>Ereoresultanioo,
h& ()-2Z< 3" 10%R&nt) wérd" fedstP¥h& f)- £<rdsdO¥ h&hE) cénd@%eration of

h& ()-3,69: DGHRU] C@ 10! < 3"10% h& ()-Z 2"< 3"10% h& ()-2Z< 3"

10% h& ()-Z 2"<

3"10% h& () PEesBheDYshEaE) 4ZROV pERgXxaR@® 1ORE 3T1096RBIG) 37200 ppm.

The molar ratio of Na/P was 0.95. The resultant

5 polybenzazole filaments were cut into staple fibers with

lengths of 51 mm, which were then twisted at a twist

coefficient of 3.5 to make a spun yarn having a cotton yarn

count of 20/1 Ne. Two such spun yarns were twisted to make

a two folded yarn having a yarn count of 20/2 Ne.

The two

10 folded yarns thus obtained were woven to make a 2/1 twill

fabric which was filled with 68 two folded yarns/inch in

the vertical direction and filled with 60 two folded

yarns/inch in the lateral direction. The tensile strength

of the resultant twill fabric in the vertical direction was

15 4,280 N/3 cm. The twill fabric had a strength retention of

59% after the storage test under an atmosphere of high

temperature and high humidity (80°C and 80 RH%).

(Comparative Example 14)

The spun yarns having a yarn count of 20/1Ne obtained

20 in Comparative Example 13 were knitted to make a

braid which had 68 stitches/inch in the vertical

round

direction

and 29 stitches/inch in the lateral direction. The tensile

strength of the round braid in the vertical direction was

1,490 N/5 cm. The round braid had a strength retention of

25 62% after the storage test under an atmosphere of high

temperature and high humidity (80°C and 80 RH%).
(Example 31)

A polymer dope of polyparaphenylenebenzobisoxazole (14

wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,

30 measured using a methanesulfonic acid solution, in

polyphosphoric acid containing 84.3% of phosphorus

pentaoxide was extruded through a nozzle having 166 holes
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filaments to be converged at an appropriate position to
5 form a multifilament, and solidified. A quench chamber was
located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more
uniform temperature. The quench temperature was 60°C. The
filaments were washed with water until the concentration of
10 the residual phosphorous in the polybenzazole filaments
reached 5,000 ppm or less, and were wound ontc a paper
cylinder without drying the same. The takeup rate was 200
m/min.; the spinning elongation multiplying factor was 40;
and the length of the filament wound was 1,500 m. The
15 filament wound had a fineness cof 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture
regain of 50%.
The wound filament was neutralized with a 1% agqueous
NaOH solution for 10 seconds, and washed with water for 30
20 seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put
25 in the solution, which was then circulated at an ordinary
temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried
30 at 80°C for 4 hours. The circulations of the liquids were

carried out while an alr was being supplied into the
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result, the concentratlon of phosphorus was 1 9OO ppm, and
that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
5 Spinning oil was applied to the resultant filaments,
which were then doubled to make a tow having a thickness of
30,000 deniers. The tow was crimped with a push-on crimper
having rolls with widths of 20 mm. The crimped tow was cut
with a rotary cutter, into staple fibers with lengths of 44
10 mm, which were then opened with an opener to make a web
having a weight of 200 g/m? with a roller card. A
plurality of webs thus obtained were laminated and
subjected to needle punching to obtain a felt having a
thickness of 9.8 mm and a weight of 2,700 g/m?. The
15 abrasion resistance of the felt under an atmosphere of high
temperature was evaluated. As a result, the decrease in
the weight of the felt due to abrasion was 3.1 mg/cm?.
(Comparative Example 15)
The procedure up to the step of washing a
20 polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 31.

The wound filament was neutralized with a 1% agqueous
25 NaOH solution for 10 seconds, and washed with water for 30
seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
30 The molar ratio of Na/P was 0.95.
The filaments thus obtained were processed in the same

manner as in Example 31 to obtain a felt having a thickness
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w1nd1ng the same onto a paper cylinder without drying was
10 repeated in the same manner as in Example 31.
The wound filament was neutralized with a 1% aqueous
NaOH solution for 10 seconds, and washed with water for 30
seconds, and dried until the moisture regain thereof
reached 10%. Then, the filament was wound onto a porous
15 resinous bobbin. A solution of m-phenylenediamine (2.8 g)
and p-phenylenediamine (1.2 g) in water (12 L) was poured
into an apparatus shown in Fig. 5, and the wound filament
was put in the solution, which was then circulated at an
ordinary temperature (20°C) for 24 hours. Then, the
20 solution was replaced with pure water, and the pure water
was circulated at an ordinary temperature (20°C) for one
hour. After that, the wound filament was removed from the
apparatus and dried at 80°C for 4 hours. The circulations
of the liquids were carried out while an air was being
25 supplied into the liquids. The concentrations of the
residual phosphorous and sodium in the resultant filament
were measured. As a result, the concentration of
phosphorus was 3,600 ppm, and that of sodium, 2,200 ppm.
The molar ratio of Na/P was 0.82.
30 The filaments thus obtained were processed in the same
manner as in Example 31 to obtain a felt having a thickness

of 9.9 mm and a weight of 2,700 g/mz. The abrasion
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time, the materlals o e present invention can be

effectively used to convey hot products which retain heat

of, particularly 300°C or higher, especially 400°C or

higher, manufactured in the field of molding metals such as
5 aluminum, iron, copver, etc. and ceramics.

(Example 32)

A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.?%) having an intrinsic viscosity of 30 dL/g at 30°C,
measured usinrg a methanesulfonic acid solution, in

10 polyphosphoric acid containing 84.3% of phosphorus
pentaoxide was extruded through a nozzle having 166 holes
with diameters of 0.18 mm at a spinning temperature of
175°C to form filaments. The filaments were dipped in a
first washing bath which was so located as to cause the

15 filaments to be converged at an appropriate position to
form a multifilament, and soldified. A quench chamber was
located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more
uniform temperature. The quench temperature was 60°C. The

20 filaments were washed with water until the concentration of
the residual phosphorous in the polybenzazole filaments
reached 5,000 ppm or less, and were wound onto a paper
cylinder without drying the same. The takeup rate was 200
m/min.; the spinning elongation multiplying factor was 40;

25 and the length of the filament wound was 1,500 m. The
filament wound had a fineness of 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture
regain of 50%.

The wound filament was neutralized with a 1% aqueous

30 NaOH solution fcr 10 seconds, and washed with water for 30

seconds, and wound onto a porous resinous bobbin without
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nlodggs&;ggd@@dng tﬁg saéé. The moilsture regﬁf% é% the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put

5 in the solution, which was then circulated at an ordinary

temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried

10 at 80°C for 4 hours. The circulations of the liquids were
carried out while an alr was being supplied into the
liquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,900 ppm, and

15 that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
The filament had a strength retention of 90% after the
storage test under an atmeosphere of high temperature and
high humidity.

(Comparative Example 17)

20 The procedure up to the step of washing a
polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 32.

25 The wound filament was neutralized with a 1% agueous
NaOH soluticn for 10 seconds, and washed with water for 30
seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of

30 phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The filament had a

strength retention of 82% after the storage test under an
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temperatu
(Example 33)
A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
5 measured using a mechanesulfonic acid solution, in
polyphosphoric acid containing 84.3% of phosphorus

pentaoxide was extruded through a nozzle having 166 holes

with diameters of 0.18 mm at a spinning temperature of

175°C to form filaments. The filaments were dipped in a

10 first washing bath which was so located as to cause the
filaments to be converged at an appropriate position to
form a multifilament, and solidified. A gquench chamber was
located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more

15 uniform temperature. The quench temperature was 60°C. The
filaments were washed with water until the concentration of
the residual phosphorous in the polybenzazole filaments
reached 5,000 ppm or less, and were wound onto a paper
cylinder without drying the same. The takeup rate was 200

20 m/min.; the spinning elongation multiplying factor was 40;
and the length of the filament wound was 1,500 m. The
filament wound had a fineness of 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture
regain of 50%.

25 The wound filament was neutralized with a 1% aqueous
NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-

30 phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put

in the solution, which was then circulated at an ordinary
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temperature (20°C) for 24 hours. Then, the solution was

replaced with pure water, and the pure water was circulated

at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried

5 at 80°C for 4 hours. The circulations of the ligquids were
carried out while an air was being supplied into the
liquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,900 ppm, and

10 that of sodium, 760 ppm.' The molar ratio of Na/P was 0.54.
The filament had a strength retention of 90% after the
storage test under an atmosphere of high temperature and
high humidity.

Six polybenzazole filaments thus obtained were Z-wise

15 twisted at 32T/10 cm to make a Z twist yarn. Two such Z
twist yarns were S-wise twisted at 32T/10 cm to make a
crude cord. Then, the crude cord was subjected to a two-
stage dipping treatment to make a dip cord. The first
dipping treatment was carried out at 240°C, using an

20 agqgueous dispersion of an epoxy resin, and the second

dipping treatment was carried out at 235°C, using a RFL

ligquid. The strength of the dip cord was 649 N. This dip

cord was excellent in strength retention as high as 81%

under an atmosphere of high temperature and high humidity.
25 (Comparative Example 18)

The procedure up to the step of washing a
polybenzazole filament until the concentration of the
residual phosphorus reached 5,000 ppm or less and winding
the same onto a paper cylinder without drying was repeated

30 in the same manner as in Example 33.

The wound filament was neutralized with a 1% aqueous
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NaOH solution for 10 seconds, and washed with water for 30

seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
5 phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The filament had a
strength retention of 82% after the storage test under an
atmosphere of high temperature and high humidity.

Six polybenzazole filaments thus obtained were Z-wise

10 twisted at 32T/10 cm to make a Z twist yarn. Two such Z
twist yarns were S-wise twisted at 32T/10 cm to make a
crude cord. Then, the crude cord was subjected to a two-
stage dipping treatment to make a dip cord. The first
dipping treatment was carried out at 240°C, using an

15 aqueous dispersion of an epoxy resin, and the second
dipping treatment was carried out at 235°C, using a RFL
liquid. The strength of the dip cord was 653 N. This dip
cord had a strength retention of 56% under an atmosphere of
high temperature and high humidity, which was inferior to

20 that of the dip cord of Example 33.

According to the present invention, it is possible to
provide a cord for reinforcing rubber, which is made of
twisted polybenzazole filaments having a high strength
retention even after exposed to an atmosphere of high

25 temperature and high humidity over a long period of time.
(Example 34)

A polymer dope of polyparaphenylenebenzoblisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
measured using a methanesulfonic acid solution, in

30 polyphosphoric acid containing 84.3% of phosphorus
pentaoxide was extruded through a nozzle having 166 holes

with diameters of 0.18 mm at a spinning temperature of
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first washing bath which was so located as to cause the

filaments to be converged at an appropriate position to

form a multifilament, and solidified. A quench chamber was
5 located in an air gap between the nozzle and the first

washing bath, so as to elongate the filaments at a more

uniform temperature. The quench temperature was 60°C. The
filaments were washed with water until the concentration of
the residual phosphorous in the polybenzazole filaments

10 reached 5,000 ppm or less, and were wound onto a paper
cylinder without drying the same. The takeup rate was 200
m/min.; the spinning elongation multiplying factor was 40;
and the length of the filament wound was 1,500 m. The
filament wound had a fineness of 1.5 dpf (denier/filament)

15 as a monofilament, and a diameter of 11.5 pym and a moisture
regain of 50%.

The wound filament was neutralized with a 1% aqueous

NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without

20 drying the same. The moisture regain of the wound filament
was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put
in the solution, which was then circulated at an ordinary

25 temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried
at 80°C for 4 hours. The circulations of the liquids were

30 carried out while an air was being supplied into the

liquids. The concentrations of the residual phosphorous
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and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,900 ppm, and
that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
The filament had a strength retention of 90% after the
5 storage test under an atmosphere of high temperature and
high humidity.
Twelve polybenzazole filaments thus obtained were
twisted at 2CT/1 m to make a doubled twist yarn having a
fineness of 3,000 denier. Sixteen doubled twist yarns were
10 braided to make a braid. The braid was impregnated with an
epoxXxy resin and set hard, to thereby provide a rod with a
diameter of 2 mm, containing 16% of the resin. The
decrease in the strength of the rod under an atmosphere of
high temperature and high humidity was measured. As a
15 result, the strength retention of the rod was as high as
87%.
(Comparative Example 19)
The procedure up to the step of washing a
polybenzazole filament with water until the concentration
20 of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 34,

The wound filament was neutralized with a 1% agueous

NaCH solution for 10 seconds, and washed with water for 30

25 seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The filament had a

30 strength retention of 82% after the storage test of high
temperature and high humidity.

Twelve polybenzazole filaments thus obtained were
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¥ m1095H8ke( p- deWaled twist yarn having a

fineness of 3,000 denier. Sixteen doubled twist yarns were
braided to make a braid. The braid was impregnated with an
epoxy resin and set hard, to thereby provide a rod with a
diameter of 2 mm, containing 16% of the resin. The
decrease in the strength of the rod under an atmosphere of
high temperature and high humidity was measured. As a
result, the strength retention of the rod was 73% which was
inferior to that of the rod of Example 34.

According to the present invention, it is possible to
provide a polybenzazole fiber rod for reinforcing cement
and concrete, which can sufficiently maintain the strength
even after exposed to an atmosphere of high temperature and
high humidity over a long period of time.

(Example 35)

A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
measured using a methanesulfonic acid solution, in
polyphosphoric acid containing 84.3% of phosphorus
pentaoxide was extruded through a nozzle having 166 holes
with diameters cf 0.18 mm at a spinning temperature of
175°C to form filaments. The filaments were dipped in a
first washing bath which was so located as to cause the
filaments to be converged at an appropriate position to
form a multifilament, and solidified. A guench chamber was
located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more
uniform temperature. The quench temperature was 60°C. The
filaments were washed with water until the concentration of
the residual phosphorous in the polybenzazole filaments
reached 5,000 ppm or less, and were wound ontc a paper

cylinder without drying the same. The takeup rate was 200
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10 was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g) in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put

in the solution, which was then circulated at an ordinary

temperature (20°C) for 24 hours. Then, the solution was

15 replaced with pure water, and the pure water was circulated

at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried
at 80°C for 4 hours. The circulations of the liquids were
carried out while an air was beiﬁg supplied into the

20 liquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,900 ppm, and
that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
The filament had a strength retention of 90% after

25 subjected to a storage test of high temperature and high
humidity.

Twelve polybenzazole filaments thus obtained were

twisted at 20T/1 m to make a doubled twist yarn having a
fineness of 3,000 denier. The doubled twist yarns were

30 woven with a rapier loom to make a plain weave fabric which
was filled with 17 warp yarns/inch and 17 weft yarns/inch.

The weight of the fabric was 485 g/m?. The tensile
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strength of the fabric in the warp direction was 620 kg/cm.
The decrease in the strength of the fabric under an
atmosphere of high temperature and high humidity was
measured. As a result, the strength retention was as high
as 82%.

{Comparative Example 20)

The procedure up to the step of washing a
polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 35.

The wound filament was neutralized with a 1% aqueous

NaOH solution for 10 seconds, and washed with water for 30

seconds, and dried at 80°C for 4 hours. The concentrations
of the residual phosphorous and sodium in the resultant
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The filament had a
strength retention of 82% after subjected to the storage
test under an atmosphere of high temperature and high
humidity.

Twelve polybenzazole filaments thus obtained were
twisted at 20T/1 m to make a doubled twist yarn having a
fineness of 3,000 denier. The doubled twist yarns were
woven with a rapier loom to make a plain weave fabric which
was filled with 17 warp yarns/inch and 17 weft yarns/inch.
The weight of the fabric was 490 g/m°. The tensile
strength of the fabric in the warp direction was 637 kg/cm.
The decrease in the strength of the fabric under an
atmosphere of high temperature and high humidity was
measured. As a result, the strength retention was 65%,

which was inferior to that of the fabric of Example 35.
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According to the present invention, it is possible to
provide a polybenzazole fiber sheet for reinforcing cement
and concrete, which can sufficiently maintain the strength
even after exposed to an atmosphere of high temperature and

5 high humidity over a long period of time.
(Example 36)

A polymer dope of polyparaphenylenebenzobisoxazole (14
wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
measured using a methanesulfonic acid solution, in

10 - polyphosphoric acid containing 84.3% of phosphorus
pentaoxide was extruded through a nozzle having 166 holes
with diameters of 0.18 mm at a spinning temperature of
175°C to form filaments. The filaments were dipped in a
first washing bath which waé so located as to cause the

15 filaments to be converged at an appropriate position to
form a multifilament, and solidified. A gquench chamber was
located in an air gap between the nozzle and the first
washing bath, so as to elongate the filaments at a more
uniform temperature. The quench temperature was 60°C. The

20 filaments were washed with water until the concentration of
the residual phosphorous in the polybenzazole filaments
reached 5,000 ppm cr less, and were wound onto a paper
cylinder without drying the same. The takeup rate was 200
m/min.; the spinning elongation multiplying factor was 40;

25 and the length of the filament wound was 1,500 m. The
filament wound had a fineness of 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture
regain of 50%.

The wound filament was neutralized with a 1% aqueous

30 NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without

drying the same. The moisture regain of the wound filament
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9% O%M&f()lgWLEe solution, which was then circulated at an ordinary
5 temperature (20°C) for 24 hours. Then, the solution was
replaced with pure water, and the pure water was circulated
at an ordinary temperature (20°C) for one hour. After that,
the wound filament was removed from the apparatus and dried
at 80°C for 4 hours. The circulations of the liquids were
10 carried out while an air was being supplied into the
liquids. The concentrations of the residual phosphorous
and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,900 ppm, and
that of sodium, 760 ppm. The molar ratio of Na/P was 0.54.
15 The filament had a strength retention of 90% after the
storage test under an atmosphere of high temperature and
high humidity.
The resultant filament yarns were woven with a rapier
loom to make a plain weave fabric which was filled with 60
20 warp varns/25 mm and 60 weft yarns/25 mm. The weight of
the fabric was 138 g/m?. The tensile strength of the
fabric in the warp direction was 2,660 N/3 cm. The
decrease in the strength of the fabric under an atmosphere
of high temperature and high humidity, and the decrease in
25 strength of the fabric which had been subjected to a light
resistance test were measured. As a result, the strength
retentions thereof were as high as 82% and 62%
respectively.
(Comparative Example 21)
30 The procedure up to the step of washing a
polybenzazole filament with water until the concentration

of the residual phosphorus reached 5,000 ppm or less and
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retentions thereof were 63% and 47%, respectively, which
were inferior to those of the fabric of Example 36.
According to the present invention, it is possible to
provide a knife proof vest made of the polybenzazole
25 filaments which can sufficiently maintain the strength even
after exposed to an atmosphere of high temperature and high
humidity over a long period of time, and which also shows
high durability, i.e., a high strength retention after
exposed to xenon irradiation.
30 (Example 37)
A polymer dope of polyparaphenylenebenzobisoxazole (14

wt.%) having an intrinsic viscosity of 30 dL/g at 30°C,
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polyphosphoric acid containing 84.3% of phosphorus
pentaoxide was extruded through a nozzle having 166 holes

with diameters of 0.18 mm at a spinning temperature of

5 175°C to form filaments. The filaments were dipped in a
first washing bath which was so located as to cause the
filaments to be converged at an appropriate position to
form a multifilament, and solidified. A quench chamber was
located in an air gap between the nozzle and the first

10 washing bath, so as to elongate the filaments at a more
uniform temperature. The quench temperature was 60°C. The
filaments were washed with water until the concentration of
the residual phosphorous in the polybenzazole filaments
reached 5,000 ppm or less, and were wound onto a paper

15 cylinder without drying the same. The takeup rate was 200
m/min.; the spinning elongation multiplying factor was 40;
and the length of the filament wound was 1,500 m. The
filament wound had a fineness of 1.5 dpf (denier/filament)
as a monofilament, and a diameter of 11.5 um and a moisture

20 regain of 50%.

The wound filament was neutralized with a 1% aqueous
NaOH solution for 10 seconds, and washed with water for 30
seconds, and wound onto a porous resinous bobbin without
drying the same. The moisture regain of the wound filament

25 was 50%. A solution of m-phenylenediamine (2.8 g) and p-
phenylenediamine (1.2 g} in water (12 L) was poured into an
apparatus shown in Fig. 5, and the wound filament was put
in the solution, which was then circulated at an ordinary
temperature (20°C) for 24 hours. Then, the solution was

30 replaced with pure water, and the pure water was circulated

at an ordinary temperature (20°C) for one hour. After that,
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the wound filament was removed from the apparatus and dried
at 80°C for 4 hours. The circulations of the liquids were
carried out while an air was being supplied into the
liquids. The concentrations of the residual phosphorous

5 and sodium in the resultant filament were measured. As a
result, the concentration of phosphorus was 1,900 ppm, and
that of sodium, 760 ppm. The molar ratio of Na/P was 0.54,.
The filament had a strength retention of 90% after the
storage test under an atmosphere of high temperature and

10 high humidity.

Two polybenzazole filaments thus obtained were doubled
but not twisted, to make a yarn with a thickness of 555
dtex. The yarns thus obtained were woven with a rapiler
loom to make a plain weave fabric filled with 30 warp

15 yvarns/inch and 30 weft yarns/inch. The weight of the
fabric was 135 g/m?. The tensile strength of the fabric in
the warp direction was 616 N/3 cm. The decrease in the
strength of the fabric under an atmosphere of high
temperature and high humidity, and the decrease in the

20 strength of the fabric which had been subjected to a light
exposure test were measured. As a result, the strength
retentions of the fabric were as high as 82% and as high as
62%, respectively.

(Comparative Example 22)

25 The procedure up to the step of washing a
polybenzazole filament with water until the concentration
of the residual phosphorus reached 5,000 ppm or less and
winding the same onto a paper cylinder without drying was
repeated in the same manner as in Example 37.

30 The wound filament was neutralized with a 1% aqueous

NaOH solution for 10 seconds, and washed with water for 30

seconds, and dried at 80°C for 4 hours. The concentrations
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hosphorous and 'sodium 1in
filament were measured. As a result, the concentration of
phosphorus was 4,700 ppm, and that of sodium, 3,300 ppm.
The molar ratio of Na/P was 0.95. The filament had a
strength retention of 82% after the storage test under an
atmosphere of high temperature and high humidity.

Two polybenzazole filaments thus obtained were doubled
but not twisted, to make a yarn with a thickness of 555
dtex. The yarns thus obtained were woven with a rapier
loom to make a plain weave fabric filled with 30 warp
yarns/inch and 30 weft yarns/inch. The weight of the
fabric was 133 g/m?. The tensile strength of the fabric in
the warp direction was 5,740 N/3 cm. The decrease in the
strength of the fabric under an atmosphere of high
temperature and high humidity, and the decrease in the
strength of the fabric which had been subjected to a light
exposure test were measured. As a result, the strength
retentions of the fabric were 63% and 47%, respectively,
which were inferior to those of the fabric of Example 37.

According to the present invention, it i1s possible to
provide a bullet proof vest made of the polybenzazole
filaments which can sufficiently maintain the strength even
after exposed to an atmosphere of high temperature and high
humidity over a long period of time, and which also shows
high durability, i.e., a high strength retention after

exposed to xenonh irradiation.

INDUSTRIAL APPLICABILITY

Since the compositions, the fibers or filaments and
the films according to the present invention, and the
products made thereof have high strength retentions even

after exposed toc atmospheres of high temperatures and high
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composition according to claim 1.
15 6. A polybenzazole film comprising a polybenzazole
composition according to claim 1.

7. A polybenzazole fiber according to claim 5, which
contains a basic organic compound in the form of a monomer
or a condensate.

20 - 8. A poclybenzazole fiber according to claim 5, which
contains a basic organic compound selected from the group
consisting of p-phenylenediamine, m-phenylenediamine and a
mixture thereof in the form of a monomer or a condensate.

9. A polybenzazole fiber according to claim 5,

25 wherein the X-ray meridian diffraction half-width factor is

0.3°/GPa or less.
10. A polybenzazole fiber according to claim 5,
wherein the elasticity decrement Er attributed to change of
molecular orientation is 30 GPa or less.
30 11. A polybenzazole fiber according to claim 5,
wherein the breaking strength of the fiber is 1 GPa or more.

12. A polybenzazole fiber according to claim 5, which
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" HSYR fiber according to claim 5.

20. A polybenzazole fibrous sheet for reinforcing
cement and concrete, wherein the breaking strength of said
sheet is 50 kg/cm or more.

20 21. A high strength fiber comprising a polybenzazole
fiber according to claim 5.

22. A knife-proof vest comprising a polybenzazole
fiber according to claim 5.

23. A bullet-proof vest comprising a polybenzazole

25 fiber according to claim 5.



