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FI BERS OR FI LAMENTS AND USE THEREOF FI LED OF THE | NVENTI ON 5 The present
invention relates to pol ybenzazole fibers 10 or fiIanentmmmmmmmmmﬂmmlhigh
- durability when exposed to atnospheres of high tenperatu !
hum dity, and the use thereof. BACKGROUND OF THE | NVENTI ON Assdisbers or
filaments having high strength and hi gh heat resistance, there are known
pol ybenzazol e fibers or filaments conprising pol ybenzox
pol ybenzot hi azol e, or a copol yner thereof. 15 GEneraIIy?m%ﬂﬂmﬂQWMHmmle
fibers or filanents are produced bypgxtrgdiragnf romthe s ope
contai ning the above pol yner or copol yner and an aci d sol vertt®0i ppi ng t he

fibers or filaments of the dope in a fluid such as water or a m xture of
wat er and an inorganic acid, thereby 20 solidifying the sane; thoroughly

ot vent; a1 owi ngoPREERPAEPEEGFTPPRE,ER: £ RRENee PPCRSE TRAER 0l i ng an

aqueous sol ution of an inorgaq; S hydr oxi de or the |ike
to thereby neutralize the 25 r 5-not extracted fromthe
fibers_or 2 fil aments; and_dréing t he sane. The &I benzazgle f.ibers or
filanmeRAts thus pFRBUREBSRRYelFBERE anva?'éFﬁsoFoaBg V%SP?Bﬁg,ebéééﬁ§é t hey
are superior in mechanical properties such as strength, and 5 al so higher
in heat resPstahéarenssnwhirbneavanbyeh ﬂéééﬁﬂﬂ??ytHEGEOF§BQﬁ§§26Pe fibers
or filaments are demanded to have further inproved properties, particularly
to suffici eathgsphpreai ATt hégbt FengeRaEvERSapPEr NéZPoBER1ES tXr nBEFhERES of
hi gh tenperatures and high hum dity over 10 |ong periods of tine. The
pol ybezazol esti bkeseof.fil aments are used as heat resistant cushion
materials for supporting hot products wi thout flawing them in the
manuf acturing steps in the fields of iron and steel, ceram cs and
non-ferrous netal

10 BACKGROUND OF THE INVENTION

As fibers or filaments having high strength and high
heat resistance, there are known polybenzazole fibers or
filaments comprising polybenzoxazole or polybenzothiazole,
or a copolymer thereof.

15 Generally, polybenzazole fibers or filaments are
produced by extruding from the spinneret a dope containing
the above polymer or copolymer and an acid solvent; dipping
the fibers or filaments of the dope in a fluid such as
water or a mixture of water and an inorganic acid, thereby

20 solidifying the same; thoroughly washing the fibers or
filaments in a water bath to remove most of the solvent;
allowing the fibers or filaments to pass through a bath
holding an aqueous solution of an inorganic base such as
sodium hydroxide or the like to thereby neutralize the

25 residual acid which is not extracted from the fibers or



. 15 industries, because of their superior nmechanical properties such as high
strength and hi gh heat resistance. Wen the pol ybenzazole fibers or
filaments are used as heat resistant cushion materials, they are used for

- hot products which nostly maintain tenperatures of 350C or higher 20

i medi ately after subjected to nolding. In sone cases, the heat-accumul ated
cushion materials (or felt materials) are used while being cooled with

wat er. Therefore, recently, there are earnest denmands for felt naterials
conprising the pol ybenzazole fibers or filanents which can sufficiently 25

mai ntain the;stirendth ananqawengexpesedmkQ at nospheres of 3 high
tenperatures and high humdity over |long periods of tinme. Further, the

pol ybenzazol e fi?ﬁESpBE¥EEb§EEBF% ghpovsedragitiankhks PRLEM babsiukey
protective materials, proot 5 clothing and industrial materials, because of

their superhobemBeNAl gal i aRer bieapaiaRaas oot eBALNARd cBlgstie modul us.

However, the pol ybenzazol rs or aments are expect have further
i nproved properties. .Particularly, there,are denan f.or n kni t
abrics 10 RRABCHPom BolThonDATalePFIBEFSI6F Pl inan: SCCababre and

sufficiently_ maiptaining the strength when exposed,to atnpspheres of high
tenperéture@léﬁdgﬁﬂ ﬁrhgﬁigFP§ §ﬁ§qP¢6HFeVrP&dpﬁpgéﬁn8§eP P%ﬁg peri ods of
time. Wiile nylon_fibers, polyester fibers, glass fibers and 15 steel
fibers are ﬁﬁFﬁP&lMseHhﬁspP&Bé@PZPéPﬁﬁoﬁégﬁéﬁt§rfSﬂlﬁpﬁé§ﬁ R&Ses, belts,
etc., recently, aromatic polyam de fibers, represented by Kevlar, having
hi gh strengErMander §r BRISt TErFHEY d8PFPFeds FORETEGBer PREItALA &Nt .
On the other hand, the polybenzazole fibers or filaments have 20 attracted
the attenti darssvfiiRdsatilki mpdatipdn: KaeastragotibbEery aiffesr C&reses i nce
t hey have far higher strength and el astic nodul us and superior heat

resi stance ahtogphemsisordl hdghbitlempp ragusespaned hiiohh hupé datematvied

pol yam de fibers. The use of the polybenzazole fibers or 25 filaments as

r ei nf aoci nglbnbeperipdshe fappiecat i ons 4 required to have higher strength
and hi gher heat resistance is contenplated in the field of rubber materials
for which the exiak pglgbganizelkl Feberar @ v fdukietitentaras useidnfagr ticag
fibers in view of mechanical properties. As nentioned 5 above, the

pol ybenzazolesfiishens efishiilbaneaterane sused asipphe trinbbeotr eirvfdwotisng
fibers, because of the excellent nechanical properties such as strength and
el astic nmodyliesoulesFaaivanly thiehgr & nare e alanesla cterands sfteips ubkbeathe

rei nforcenent conprising such pol ybenzazole fibers or 10 filaments that can
sufficientlyipmigat @i ithe shitergtd 1vher ANy Gri@hctedrs ARPatito a

rei nforced rubber body containing the sane and when the rubber body has a

hi gh yemer gt e +3nd hi g Awbdisy tHhereiiperior mechanical properties
such as high strength and high heat resistance. When the
polybenzazole fibers or filaments are used as heat
resistant cushion materials, they are used for hot\products
which mostly maintain temperatures of 350°C or higher

20 immediately after subjected to molding. 1In some cases, the

heat-accumulated cushion materials (or felt materials) are
used while being cooled with water. Therefore, recently,
there are earnest demands for felt materials comprising the
polybenzazole fibers or filaments which can sufficiently

25 maintain the strength even when exposed to atmospheres of



. Steel has hitherto been used as a reinforcenent for 15 cenment/concrete, and

recently, reinforcenents containing glass fibers, carbon fibers or aramd
fi bers have been devel oped and put into practical use. Carbon fibers are

- very excellent in nmechanical properties but are electrically conductive,
and therefore can not be used in 20 the goximty of power lines. On the
ot her hand, aram d fibers have relatively sufficient properties, but have
| ower el astic nodul us than carbon fibers, and therefore, their reinforcing
effects are poor. Cenent/concretereinforcing sheets conprising the

pol ybenzazoheghi benpePhtd2eki haReAt gnexhnbiut thi gher nehsf peeibasebirect s
over the 5 g 10 aram d fibers and carbon fibers, and thus are expected as
products of .tjhe next generation. The pol ybenzazole fibers or filanents are
used in the cenent/concrete-reinforcing sheets, because of their excellent

mechani cal propephlenesyicin@spstiandbl and eiastic o podyh uneAs AL oned

above, but are denan her 1 nprove I ght resistance and the

like. E j.all t ; 2st _d he fi heet
For 7ot nfor BERY BEmERt EooRcPELE. RARaR . Bf CSurFLarehiT S hai i ab ARG the

strength whe osed to.at,nospheres of high t eratures, and_high humdity
over |dng p@??gggngfapgné?dﬁEEEFS}cpﬁ egfggﬁﬁ ﬁggguﬁﬁtﬁenge gen used as
rod-1i ke 15 20 25 cenent/concrete reinforcing. materials, and recently,
reinforcingSHﬁﬁéﬂpél@eEBﬁBFF§#nBrSP§ﬁF&eFi5889 ﬁﬁvétﬁgéﬁtge9ggoﬁgﬁs§ﬁ& put
into practical use. The marked features of aram d fiber rods rest in
non- magnet i BRAEAESnonHeWeTeri c tEENBRSYPENERZ0aRd TEREES PRey 1daAChESused as
the reinforcing rods of cenent/concrete constructions in which the
rei nf or ci ngaseeekpecandnse bavesédrtherybarrayedePrrper ti6§s whi ch are
| i kewi se non-magnetic and non-conductive show superior reinforcing effects
over the ar&msrditiberlvedshame are depestedfas pryencts &hifthdapeics
generation. The pol ybenzazole fibers or filanments, excellent in mechanical
propeidi es sadk dsost pedgbknaadodkadtibersodul dd lazmeatssedpad lieeiordf or ci ng
materials for cenent/concrete, but 6 are demanded to be further inproved
i n propertiesftfactibatélympiatiedeipal yhenzazehgthi benr edpolsed tel nf or ci ng
cenment/concrete, capable of sufficiently maintaining the strength when
exposed to atnpspheres off hiigh temperatures 2nandilghghumdidii ywnaver | ong
periods of time. The pol ybenzazole fibers or filanents excellent in
mechani cal pr@Ber iir@sdsueh oas ovkereneghnly perdieldastirc timeéuyl us are used as
textile materials for protective materials, proof clothes and industrial
materials, as meRhiored AbaveiphesThey 13k texPeaee st 0 ghawe fruddiey and
i nproved properties. Especially, there are earnest demands for spun yarns
conprih$i Ng ReLKACHERZAIE AD&IS Ak fisldMBRl $1&RRA0IE 19ff oY Wehieditentiar
mai nt ai ni ng the strength when expdsed to atnospheres of high tenperatures
and i gh hughdlly apdeld bidils, ! idhad], ablcpRndue), l:QOmARAI 8 soinilddre. As
conmpoundi ng material's for reinforcing fibers, "glass fibers have been used.
Recently, cat fi r..aramd fibers an t: Q. PrQvi 0 ite
materi al s hg\}?)(r%gsﬁi g%’ffe%te@ﬁg‘[%@aﬁﬁ%i%ﬁt g%v;i\glﬁgﬁltlg},h gﬁgeg%ctﬁl ﬁr%?l%uct S
have 20 al ready been.devel o an t int ractical . . fi S
E‘él‘%‘eﬁﬁaﬁtlc od%.eiqls] a%epglsed 22 %dlt%%er %{cel?lg%ﬁré:%?lg{}s.e SE t he

are very ex I'm mechanical properties are 1ra
PO TPt LSRRt AT SR R R Ty
20 attracted the attentions of those skilled in the art as
rubber reinforcements, since they have far higher strength
and elastic modulus and superior heat resistance and
dimensional stability as compared with the aromatic

polyamide fibers. The use of the polybenzazole fibers or

25 filaments as reinforcing fibers in the applications



. 25 therefore show poor reinforcing effects. Conposite 7 materials
conprising the pol ybenzazole fibers or filanments are sufficient in both

i npact resistance and el astic nodul us, and show superior reinforcing

- effects over the conposite materials conprising carbon fibers. Thus, the 5
pol ybenzazol e fi ber conposite materials are expected as products of the
next generation. The pol ybenzazole fibers or filanments are al so used as the
fiber-reinforced conposite materials, because of their excellent nechani cal
properties such as strength and 10 el astic nodul us, as nentioned above, but
are demandedcbQibedf Ubt REKei ARHAYEIsikRepH@RERhbER i§Heh BSaki gBkik@Shskance
and so on. Especially, there are earnest denmands for conposite materials
conpri sing EelgBﬁEéﬁggg%eg'Eﬁr%herfﬁbhan6@t§usbgglhgeeraalgUEaQIuhaxhand
capabl e of sufficiently 15 nmaintaining the strength when exposed to

at nospheres_9f hij . . @S [ hum.di n ' f
e, el | b6t R La iR Br e o BB sBenzaroN st be e b °Fi [ananre are

wi dely used.. . Especi.al | the sails_of ya faor u i races are
required tofﬁ§$55h%BhV¥8¥i8?aﬁ88k98968¥|%2%§8%g%ﬁgandi%i8%“%2%@%Fe strength
so that the sails oh deshgged shapes cgn not bﬁﬁﬂeforned 9 mgn S5

Recent Py, | 8RPN&ti GREBPIEHSEARFE OOt RS AP Cdokit AAREFY Sudsd, YRREcR ar e
manuf act ur ed. by sandmﬁchtn% a wove ,Labric or a 25 %grhn1conpﬁising fibers
with high stPengPRPERATRIGACEFAEHI & 108 SmpBEFAYShefliedn®t &6 Filt AR such as
pol yester filnms and | am nating them and nolding the |am nation, a

di scl osed i ReBh8NipadeRTOBEELARSNSECh5061663cadd 52086481 2SEdFt RRAUAYS -
disclosed in U S. Patent Serial No. 5097784, a nethod of 5 integrally
nol di ng a t Repecdieddnsi Ghalreyashkt eaanesits dgapadspéar EXRRSIres of the sai
cloth referred to in the description of the present invention include such
t hr eedi nensirenalfoirnergnal kpmprligédgastickl ©9lyPangaraked fibg&ss oand car bon
fi bers have been used for products made by such 10 techni ques. Carbon

fi ber 8ohave fhilghenttensialte candslufs iofi eeltdyt meiinyg atiba heasdarcagitd Whser s,
and thus are expected to inprove the performance of the sails of yachts,
but such sadysaatie $eak gagaiirstppdididngoard rehnsopoed irmbbatri dgoelyl i fe. To
overconme these problens, the sails of yachts 15 conprising the

pol ybenzazokentizbaisagorhkl lsamentsdhanenbetr deweleapeddandasave hdlgheady
proved their excellent performance in the world-w de yacht races. However,
the yacht sakh$eccaiiricsSiang hhghpohyhenzazaethe fdibers or fil aments have
problens in that their initial performance 20 is very high, but

deteriorates duegtQeiohdls hiGher tBheeOn@Reds G sy 3@ feaidemedite dyroken,
for exanple, in the course of a long termround-the-world yacht race. In

such 351510 LG A ) Ueald Lok el ARk A haadad e yachl

Ihe POl ybenzzagle dibrs Gk rpch AATILE LANp et Wbl ingih Under
0L e Senss v Ts APl AeTEZAhe | Lhars o f Larents e demnaidely 5
and bl abiasion Lashslance, Heeause ol G @Keeklan, ppchant ca

exce .
stancé as nenti oned above.
However, the

pol yhenzazol e fjber.s or fi nts. are subject .to C ical 10
damages in tHES 5d"rcsaéﬁé’f (_:toﬁ’éiur?gcﬂlﬁeactalﬂ4 ﬁche esfrogpeesc,anoencog:usbee o“?seetcﬂgﬁvery
hi ghly oriented nol ecul ar chain structures thereof. Therefore, the ropes
cmmﬂ%hmt%@éﬁ%%%ﬂ&&%gmﬁﬁ§%ﬁ%ﬂﬁ%ﬁ¥at@?ﬁ%ﬁ%r?ﬁw g age

durability under atnospheres of high tenperatures and high 15 humdity, as
conpar ed wi thibers pavmercdatdive iy i igiient properties,” but have

lower elastic modulus than carbon fibers, and therefore,
their reinforcing effects are poor. Cement/concrete-
reinforcing sheets comprising the polybenzazole fibers or

25 filaments exhibit higher reinforcing effects over the



. filaments thensel ves. Aram d fibers have been used for knife proof vests so
far. Lately, knife proof vests made from high strength pol yethylene fibers
have been devel oped and put into 20 practical use. However, nunerous aramd
- fibers are needed for such knife proof vests so as to exhibit required
protective performance. Therefore, one can not continuously wear such a
vest, because it is thick and heavy in weight and is not confortable to
wear. On the 25 other hand, knife proof vests nade from high strength 10
pol yet hyl ene fibers are reduced in weight but not in thickness because the

speci fic grayibhyqt Repeot LagsSeRbbonKpibe B oghaveshs aRde chkiarkkleas
pol ybenzazol e fibers or filanents shom/superlor protective performance to

the knife 5 Eg@%tgeﬁ%stﬁg hagar QREQaEHg rs gpd E % hE3281%0E1£%§%S of

t he hi gh stFen pol'yethyl ene flbers ‘are ex as |ightweight and
thin knife proatf 1Y of _the_next g rat, I e ol e
fibers or fBFa%en §%§§8 Sggduﬁﬁ%képfgﬂ%r%oh% @@h §g§§55%§k¥%§%3%6
excel l ent 10 mee an cal pro % %bes such gﬁ %ren h_and.el astic nDdqus as
menti oned aBBFECST UPEREFOEBEOTBRIRT SHEeoiRer BRObararad” shehe5t Tegnt
resi stance are expected for the p beenzazol flbers or fil

Especi al | vy, SPHQrésaﬁérégﬂﬁgs?néeﬁ§ﬁ§§lFoWOQHlPé 6?08@“&&§P§%HQ§QVFVom

pol ybenzazol e fibers or 15 filanments capabl e of sufficiently maintaining

t he strengt RufhatcedpBaBdeto tat Res BHELES Lol RGN eCe Apedtlite S e8h & LRGSR

hum dity over long periods of tinme. Wiile aramd fibers have hitherto been
used for bukhet theodfikeest Esreatellyy bihiede greorayasss ggdantsormoli gh 20
strength pol yet hyl ene fibers have bee devel oped and put into practical use.
However, nupedobsnapanilg ffiibers sheetsedded riedn fourch ngulclemensy eohoresdtes so
as to exhlblt required protective performance. Therefore, one can not

cont i nuous! gawedil esoch safifésti enliéyamsé nitia iing nighitdle &ﬁdezgtheahﬁnin wei ght
and is not confortable to wear. On the 11 ot her hand, bullet proof vests
made flitom hiegbhoskdengt atpolspakchrlse e hiildr £ empe radduwesd ana Weighht but not
in thickness because the specific gravity thereof is small. Bullet proof
vests made hpeidike peleybennaz @t ibidies arink.fil aments show superi or
protective performance to the bullet proof vests of the aram d fibers and

the bullet proof reesiry refinhe thiedl straNGtitrReltvetREneredd Ber sodnd kar e
expected as |ightweight and thin bullet proof vests of the next generation.

Wiile the p@lem%z«%%%efﬂeb%qn%rﬂeqnfgl harRntis 18l e hsedddanull et proof
vests because of their excellent nechani cal propertles such as strength and

el astic modyl.ys £33 JTRRL LEReG 1%Q%V%omfptfrltsf1%r Iarﬂ%mwe e rdf rakRenhdinoperties
such as light resistance, are expected for the pol ybenzazol e fi bers or

fil arrﬁr})t s. B3RRGIy ? dlay ’antdh%u% 12 £3f %r%%rt'l%satl dermndsd 0'inatilﬁelcle'[fetél"t(?.l(%fesVeSt S

made from polybenzazole fibers or |'anent s capabl e of sufficientl

mai nt ai ni ng the stk %n%tllr%e%%d@( %ssetd it n%tnmi’cr%%%rt%% Ofarly gl%n—%ri%%fta.:tfg es

and hi gh hunldlty over ‘Tong perio

conductivity, and thus, they can be used as the reinforcing
rods of cement/concrete constructions in which the
reinforcing steels can not be used. Polybenzazole fiber

20 » rods which are likewise non-magnetic and non~conductive
show superior reinforcing effects over the aramid fiber
rods and are expected as products of the next generation.
The polybenzazole fibers or filaments, excellent in
mechanical properties such as strength and elastic modulus,

25 are used as reinforcing materials for cement/concrete, but



. tinme. 20 Under the for.egoing circunstances, the present invention has been
devel oped, and objects of the invention are to provide pol ybenzazole fibers
or filaments whose strength hardly deteriorates even when exposed to

- atnospheres of high tenperatures and high hum dity over 25 |ong periods of
time, and the uses thereof. 12 DI SCLOSYWRE OF THE | NVENTI ON The present

i nventors have extensively researched in order to overcone the foregoing
probl ens, and finally 5 acconplished the present invention. The present
invention is constituted as follows. 1. Pol ybenzazole fibers or filaments

having a teE§5|éeﬁ&ﬁ@@gthorBEeBhEQHleiﬁﬁ@o@édhhﬁhﬁkopéteﬁe@XD@SGd to an
at nosphere of a tenperature of 80C and a relative humdity 10 of 800 for

700 hour s. b : 1 a oo |
ours ghgEg%gcggé?ggéepﬁhpﬁéﬁzg 8&% 2BRLS r8asokdi-nget A rbkeiagove

par agr aph 1, at t i bers or filaments have a Strength

retention Ogeggﬁggéoggggﬁé,r@%gagfgogﬁgFh?fhhgghtﬁgggkﬁnfgﬂﬂﬂﬁga ef or 100

hours. 15 3. énzazo rs-or aments acc ng to t above
Chemsel ves AhCaRgah BBt gmeRbohav g RBRFErELret Sheo a0 hEGheag & Fhor ma
aci a. 30 4. 2bI GhBRIBEETFbafsror el BRAPESaEEoraHg o (ho above
ibors or 111 ameRie RaSVGFBRREP et TRE=antror BFCPRoL REROTER &5 5.

Pol ybenzazol e fibers_or filaments according to the 25 above paragraph 1,
char act eri zB&chanigat Pﬁ@péFééﬁﬁcsuc?3a§ié%ﬁﬁpgéan?&ﬁnééaﬁﬁthgogpggﬁs or
filaments is any of perinones and/or perylenes. 6. Polybenzazole fibers or
filaments aeterdcad 86 thatabevaaparaghaphor, pekacatiari paderiadisat t he

organic 5 pignent contained in the fibers or filanents is any of
pht hal ocyanpmesf clothes and industrial materials, as mentioned above.

10 They are expected to have further improved properties.
Especially, there ére earnest demands for spun yarns
comprising polybenzazole fibers or filaments capable of
sufficiently maintaining the strength when exposed to
atmospheres of high temperatures and high humidity and

15 light irradiation over long periods of time.

As compounding materials for reinforcing fibers, glass
fibers have been used. Recently, carbon fibers or aramid
fibers are used to provide composite materials having
higher strength and lighter weights, and such products have

20 already been developed and put into practical use. Carbon
fibers are very excellent in mechanical properties but are
fragile because of the poor impact resistance. Aramid
fibers are relatively sufficient in impact resistance, but
are lower in elastic modulus than carbon fibers, and

25 therefore show poor reinforcing effects. Composite



. 7. Polybenzazole fibers or filaments according to the above paragraph 1,
characterized in that the organic pignent contained in the fibers or
filaments is any of 10 qui nacridones. 8. Pol ybenzazole fibers or filanments
. according to the above paragraph 1, characterized in that the organic

pi gment contained in the fibers or filanmgnts is any of dioxazines. 15 9.
Pol ybenzazol e staple fibers having a tensile strength retention of 85% or
hi gher after exposed to an atnosphere of a tenperature of 80C and a
relative humdity of 800 for 700 hours. 10. A spun yarn conpri sing

pol ybenzazohg-£ibeis ©&n@PiEi haMBRESpESyBEnk 8381 cORELELRPERERT 1 akBREEPUN
yarn having a tensile strength retention of 70% or higher after exposed to

an Lrosphetec oL Bt eypeEat i £,0h BAC.ead;BsLetahiucaurdaty iof 80a for

700 hours. cor reinforcin bber, conprising tw sted 25 yarns

f |l yb le fib fil h . havj 4 Ll

trongth 1 eEBNLTRY of P G0SEBY RigRer Sh For oabosad PAUaRta POSPnELE of a

t t f 80C and | ati hum di t f. 800.f 00 : A

pol ybenzaz P 8P BoF SSHBLEF £ B o1 BPRPOI G Y SocRABNEFB5her et o LRaviHg a

tensile strength retention,of 750 or higher after exposed to an at nosphere
LRURREFEY S0P 80

of a tenperBPhLYBeDBFaBBEC AP r EPRPPTLCAURPY 5 F8PS766%h8irs. 13. A

pol ybenzazol e fiber rod for reinforcin%,cenent/concrete, having a tensile
strength rePBAENERSoPT7EDR1De%F APBREFTAPPer exposed to an atnosphere of a
tenperature of 80C and a relative humdity of 800 for 700 hours. 14. A
conposi te materi ZhecbaprPenAgzporybeReasoPE fiparenss RrfameffsUg§%8S| east
one conponent, the conposite material having a tensile strength retention
of 15 750 othhi §hberateénfexpededomposhtat masphére Sof PacausgePat GRe1sf 80C
and a relative humdity of 800 for 700 hours. 15. A sail cloth excellent in
dur abi i ty, ezonpiestngepbhybenzapobeetitbess sochf psassnesgthhendail cloth
having a 20 tensile strength retention of 800 or higher in the fiber axial
di rectiibon, afineriexposedute as atnmbiphedeabbva, but are demanded to be
further improved in properties such as light resistance and
so on. Especially, there are earnest demands for composite
materials comprising polybenzazole fibers or filaments
excellent in durability and capable of sufficiently
15 maintaining the strength when exposed to atmospheres of
high temperatures and high humidity over long periods of
time.
Sail cloths comprising the polybenzazole fibers or
filaments are widely used. Especially, the sails of yachts
20 for use in yacht races are required to have high resistance
to pull strength and high tensile strength so that the
sails of designed shapes can not be deformed by winds.
Recently, lamination-molded sail cloths are dominantly used,

which are manufactured by sandwiching a woven fabric or a

25 scrim comprising fibers with high strength and high elastic



- t.enperature of 80C and a relative humdity of 800 for 700 hours. 16. A high
strength fiber rope conprising 25 pol ybenzazole fibers or filanents, the

fi ber rope having a 15 tensile strength retention of 850 or higher after

- exposed to an atnosphere of a tenperature of 80C and a relative humdity of
80% for 700 hours. 17. A knife proof vestg conprising polybenzazole fibers 5
or filanments at | east one conponent, the knife proof vest having a tensile
strength retention of 75% or higher after exposed to an at nbosphere of a
tenperature of 80C and a relative humdity of 80%for 700 hours. 18. A

bul l et proof,,ugshsCeERLLehNgwBOkYbRBZazEheat0pbilhesscer fliilkdmands at | east
one conponent, the bullet proof vest having a tensile strength retention of

750 or high X d a p e1ghidakepper akupg sefloRg and a
rel ative hu%% ?%%%EP88896§ Eggoﬁﬁggggé Eg%elna%tgr t he presgntolnventlon

w il be explglpeg 1§aE@ Egrqgﬁaklerna @gbgg gkdt@qog%gqnlchkgg%Qta@hlch

has heat reSi'stanceas as a econposi tion tenperature of 200C

L b it e P

pi gnent s, |50|ndoI|noneé I soin i nes,
di oxazi_nes

perinones nd/or hthaloc ani.nes |nacr|dones
and the Ilkén%ﬂ FoAGIYhBSS lBﬁeFeEﬁé% a émSPSéHP plgn&%tgaéac# havi ng
groups) of -N= and/or NH in_the go cul e, %referr d are s
di oxazi nes, dﬁ@ﬁﬁﬁ@ﬁ@s afttABP L5er Plreftds, SBH@h& aﬁl @55? Juithadti®dones.
25 Exanples of the perinones and/or peryl enes include
bi sbenzi ni dggsEziptpop of tPFb@ﬁ?@FﬁtnﬁFW§n§Pﬁﬁeﬁ&ﬁ@ﬁpﬁlPﬁéhsth%ﬁ one,
bi sbenzi m dazo[ 2,1 b:1",2"-j]benzo[l m][3 8]phenanthrollne 6,9-dione, 2,9
bi s(p- met hoxyjibensylonast hm&[eznalgyd@pl esl pgticles. Paraaramid fiber's
d e f']diisoquinoline-1,3,8,10(2H,9H)-tetrone, 2,9-bis(p
et hoxybenzylenancarips, £idedsf heve, beea ased chrs@mdmﬂmn@aﬁe BY vt (2H,
9H) -tetrone, 2, 9-bis (3, 5 dinethylbenzyl)anthral2, 1, 9-def:6,5,10
10 techniques. Carbon fibers have higher tensile modulus of
elasticity than paraaramid fibers, and thus are expected to
improve the performance of the sails of yachts, but such
sails are weak against bending and thus poor in fatigue
life. To overcome these problems, the sails of yachts
15 comprising the polybenzazole fibers or filaments have been
developed and have already proved their excellent
performance in the world-wide yacht races. However, the
yacht sails comprising the polybenzazole fibers or
filaments have problems in that their initial performance
20 is very high, but deteriorates due to solar light.
Therefore, such yacht sails are broken, for example, in the
course of a long term round-the-world yacht race. In such
a long term race, a plurality of yacht sails are loaded on

the yacht and are exposed to an atmosphere of high

25 temperature and high humidity. The polybenzazole fibers or



. d e f' ] diisoguinoline-1, 3, 8 10 (2H, 9H -tetrone, 2, 9-bis (p 10

nmet hoxyphenyl )ant hraf 2, 1, 9-def: 6, 5, 10

d e f']diisoquinoline-1,3,8,10(2H, 9H)-tetrone, 2,9-bis(p

- et hoxyphenyl )anthral 2,1, 9-def:6,5,10-d e' f']diisoquinoline 1, 3, 8, 10 (2H,
9H) -tetrone, 2, 9-bis (3, 5 dinethylpheryl)anthral2, 1, 9-def:6,5,10 15

d e' f']diisoquinoline-1,3,8,10(2H, 9H)-tetrone, 2,9

di rethyl anthra[ 2,1, 9-def:6,5,10-d" e' f']diisoquinoline 1, 3, 8, 10 (2H, 9H)
-tetrone, 2, 9-bis (4 phenyl azophenyl)anthral2, 1, 9-def: 6,5, 10

de' f']diiseqgubafiehiBeténd, 80106RErOth- tekeageh 8nder2Quptr ant hl enedi one,
and the |like. Each of these perinones may be used al one or in conbination.

The amount gt BephRoRe(ghdt ehBec2ddRdaks BeRintRd20% nBKEf emalbyed 1 to 10%
based on the anount of polybenzazole. 25 As the phthal ocyani nes, any of the

conmpounds e - avi.n p ocyani ne |ligand may be used,
independentﬁgQSPlgéggpggsgﬁgg ggﬁggéence of a coordinate netal at the

hese compounds (eI GG SSREATEE SRPRAFoCyant RaTe 3e) "RBG, REG NOT KD

copper,. 29H, 31 ht hal ocyani nat e((2-) - N29 N31,.N32 i ro .
29H,31ﬁphth3F8§y§ﬁFn5989§2§P o?%3¥%ﬁg% EgggFtW%lg% are?Fequired to

29H, 31Hpht hal ocyani nat e( 2-) - N29 ~N31, N32 caopper.,_.

oxo(29H,31H§ﬁFﬁa o8 aﬁEESPgtgzéﬁﬁ?%ég% ﬁg%?sﬁgﬁ,rﬁ§ift?n€§P-§?fffSFiP§niun1
10 and the |ike. Any of these phthal gcyani ne I|.igands may have at .| east one
substituentt@@Péc@éEeﬂﬁ@ﬁﬁamﬁéﬁéﬁéﬁaitﬁﬁPpﬁﬁﬁﬁ§% GHEBp ESmEERY Wy 405 and
the |ike. Each of these phthal ocyani nes may be used alone or in

conbi nat i onhighe hgaburesés tereepRtharadianede@dPVies 0Horers o gy,
preferably 0.1 to 10% based on the amount of pol ybenzazol e. Exanpl es of

t he qui nacr pddybenizagldge f3blezsdiolfyfidaments are subject to mechanical

2, 9-di et hyl qui no[ 2, 3- b] acri di ne-7, 14-di one, 5,12

di hydioqui ndp2agels] dor ithienecnrs4- difotde Hanzfgichpdisag of 2opes,

di chl oroqui no[ 2, 3-b] acri di ne-7, 14-di one, 5, 12-di hydro-2,9

di br onoqui nbe2adsle] adr ittiena<z,yl 4-idibdrye o ramd teide mollesu lBac lfhafint hese

gui nacri dones nay be used al one or in conbination. The anpunt of the

qui nacr i one(sg)ruict ure sadded cicf .0. Thetre f20%, whef exopesy ddmprtic it@thsased on
t he amount 25 of pol ybenzazol e.

polybenzazole fibers or filaments are inferior in long age
durability under atmospheres of high temperatures and high

15 humidity, as compared with the polybenzazole fibers or
filaments themselves.

Aramid fibers have been used for knife proof vests so
far. Lately, knife proof vests made from high strength
polyethylene fibers have been developed and put into

20 practical use. However, numerous aramid fibers are needed
for such knife proof vests so as to exhibit required
protective performance. Therefore, one can not
continuously wear such a vest, because it is thick and
heavy in weight and is not comfortable to wear. On the

25 other hand, knife proof vests made from high strength



. 18 Exanpl es of the dioxazines include 9,19-dichloro-5, 15
di et hyl -5, 15-di hydrodi i ndol o[ 2, 3-c:2',3" n]triphenodi oxazi ne,
8, 18-di chl oro-5, 15-di et hyl -5, 15
. Gi-hydrodiindolo[3,2-b:3 ,2" -mtriphenodi oxazine, and the 5 |ike. Each of
t hese di oxazi nes may be used al one or injgpnbination. The anmpbunt of the
di oxazine(s) to be added is 0.01 to 20, preferably 0.1 to 100, based on the
anount of pol ybenzazole. At |east two, three or nore conpounds sel ected
from 10 the peryl enes, the perinones, the phthal ocyani nes, the

qui nacri dongs 13adni,endi ¢X82i-es raBY BB cHaedni ReGghRi Baki @b The organic
pi gnments of "the présent invention are not limted to the foregoing in any

way. The pOExQ@gﬁgéglgeEgpg%Stae thbameats shakerkednkecb? 13 haipresent

i nvention mean ers or aments” conprising a pol ybenzazol e pol yner, and
polybenzazogs.EPBZ% a t t Ly ner ectedfr %b&%eerOUp
consi sting * 8I§ Sggongg eb%g%Qfgggo?ggegggﬁﬁgboﬁe% SB?? an
polybenzini%a ol e &PBI . In the,present inventian,. PBO 20 ans a |y er
having an o éi&pén Pn§£88naéaefégﬁnp§9 S&titd SgPSaS O F@ﬁeig%ngienggggghrily
a benzene ring. Exanpl es of PBO inglude polyners each having a plurality of
oxazol & ri n§rERitt ¥e858ded £82aap6lyCp IphERT ERché oﬁpégfafgpgfpgﬁsiﬁ
aromatic group. The 25 simlar definition can b% applied to PBT an% PBI
Exanpl es  PE fheohighl ph&rpgrs eotwszviirirude PRirtr ufds adEpPTsr<$and
bl ock pol yners of at |east two gglybenzazole pol ymers of PBO, PBT and PBI
such as m x@gr éd 9btweRghtPeNdakd ipBknide Brocl oesten@dmtéGpasfters of PBO
PBT and PBI. Preferably, 5 the polybenzazole is a |yotropic liquid crystal
pol yner whi genfegatsoa .l i #hild ecityst Do liviben zmizodeall ibere & £ idp@@ntised
concentration. Preferably, the constituent unit contained in a PBZ polyner
i s sel ect ed afrrromstelde iny dtvidigi ©roioduive séisy Healaub@ odl nerls. eReed LG mer
conprises a nononer unit represented by any of the structural fornulae (a)
to (ijoas bele@anical properties such as strength and elastic modulus
as mentioned above, further improvement of other properties
such as light resistance are expected for the polybenzazole
fibers or filaments. Especially, there are earnest demands
for knife proof vests made from polybenzazole fibers or
15 filaments capable of sufficiently maintaining the strength
when exposed to atmospheres of high temperatures and high
humidity over long periods of time.
While aramid fibers have hitherto been used for bullet
proof vests, lately, bullet proof vests made from high
20 strength polyethylene fibers have bee developed and put
into practical use. However, numerous aramid fibers are
needed for such bullet proof vests so as to exhibit
required protective performance. Therefore, one can not

continuously wear such a vest, because it is thick and

25 heavy in weight and is not comfortable to wear. On the



-20 -- (a) (. ~~r NT O-~0~.~ni ~/ (b) ~N~" ~~/ ss ~NSN--~~N
NNHHO(B) S/ NHHN~/ i () N~ NH Pol ybenzazole fibers or
filaments are forned froma solution of a polybenzazol e polynmer (a PBZ
- polymer dope). As a suitable solvent for preparing the dope, cresol or a
non- oxi di zing m neral acid capable of dissplving the 5 polyner can be used.
Exanpl es of preferred non-oxidizing mneral acid include pol yphosphoric
acid, nethanesul fonic acid, highly concentrated sul furic acid, and m xtures
t hereof . Anpbng those, pol yphosphoric acid and net hanesul fonic acid are
preferred. Arone abhd,1@uAlPROSRITORIE RChdeS o erifed.stredlytihe
concentration of the polynmer in the dope is 1 to 300, preferably 1 to 200.
The hi ghest cQReeM/1-HO T i@fe th@ ROINRICIS ild Wdi@htdERARNGNY i@n the
handl i ng condi tions for practical use, such as the solubility of the
pol ynmer and % : [ j ofivth . f ridi factors,
91148045 GV é:Thtet %g%%‘l%lﬁ%%%‘ﬁet ';P éc)?%ggegsfc 2104 msfr'?alll'.

general ly, the concentration pol ymer” neve 0. In the

y. The concen i h
Dy oy of kb e RO EG BoBAhad O o o I e U A B .

4,533,693 by..Wlfe et al. (August 6, 1985),. U S. Patent No. 4,772,678 by
Sybertgs et ﬁll&%(r@él&[seﬁ%‘éw L r@*c%) :prﬁ%.c)tﬁé’teerﬁer rmfné:@?té%d:% Harris
(July 11, 1989). and U. Pat ent 5, 089,591 . G eqgory.et al. (February
18, 1992). %68@&% & ° 15 V&sittamte W‘&do%l%y@ﬁﬁl s B hSacted in a
solution of a non-oxidizing and dehydrating acid, by raising the

t enper at ur e PFEOFWIVES tr ot TR SyihdaR ﬁ&tr@%tt?hiﬂ?lé/erté}Yd@rkﬁ faRss 66ad o
about 230, while stirring and shearing at high speeds under a non-oxidi zi ng
at nospher e. 826 Fr@eEdFe @Asud isihdperiad b §T¥§$<tt31}déé>uflrl@rﬁ Progihv@ssis and the
extrusions are elongated in an air to formfibers or filanents. Preferred
met hods t hertéfeonexite s¢asEitied -i n Whid calfdee Nedtvéen dgacdreatiide ndrU. S.

Pat ent No. 5, 034,250. The dope extrusions fromthe spinneret enter a space
25 betlWeen tfhid ag@intserate arseda iwadhildg thatrvo fThies tspdesduse X2 tgerieral |y
called an air gap, but is not always charged with an air. It is needed to
fill this spaxceldient amervddinuimaidhipriopeods asotsuadt aso steramveE it lsndsol vent and
which is non reactive with the dope, such as an air, nitrogen, argon, 5

hel i um car kdrstiiexideludn g e mdoeiohhel fateeress durfiHeanents sputersy & fvashed
to avoi d excessive elongation thereof and to renove a part of the sol vent.

The fibers othed prRRpeytdred fswdthers wasfed riéfyistt_%lﬂdeaﬁﬂeecé)dgetdte@ st abl e
i norgani ¢ base such as sodi um 10 hydroxi de, cal ci um hydr oxi pot assi um
hydr oxi de OEhkh%olybenzazole fibers or filaments. Especially, there
15 are earnest demands for bullet proof vests made from
polybenzaﬁole fibers or filaments capable of sufficiently
maintaining the strength when exposed to atmospheres of
high temperatures and high humidity over long periods of
time.
20 Under the foregoing circumstances, the present
invention has been developed, and objects of the invention
are to provide polybenzazole fibers or filaments whose
strength hardly deteriorates even when exposed to

atmospheres of high temperatures and high humidity over

25 long periods of time, and the uses thereof.



- like to thereby renove nost of the solvent. The washing herein referred to
means that the fibers or filanments are allowed to contact a liquid which is
conpatible with the mneral acid dissolving the pol ybenzazol e pol ymer and
-which 15 is not a solvent for the pol ybenzazol e polyner, so as to renove
the acid solvent fromthe dope. As a suit@able washing liquid, water or a

m xture of water and an acid solvent can be used. Preferably, the fibers or
filaments are so washed that the concentration of the residual 20 m neral
acid can be 8,000 ppmor |ower, nore preferably 5, 000 ppmor |lower. After
that, the fibers or filanents are dried, heat-treated and wound, as
required. |If needed, the fibers or filanents are crinped with a push-on

crinper or the like. Then, b&%c&k@%@inﬂﬁ‘&h@a%ﬁﬁ%ﬁT%%Nare cut into staple

fibers with predeterm ned | engthrs; 23—ustng;,—for—exanple, a rotary cutter

having a plurali of _hl ades .di sposed radial ly in. I t .pai r of
rotors opposing ?éeeggﬁsggﬁe%%V?%%oﬁgnéﬁ%eoFX%ﬁégéﬁggﬁg&F?%gﬁgﬁgﬁﬁﬁb
particularly limted, and it is preferably 100 ,to_0.05 re

ref orably P59 GOSCHRECHNE FReLItPARE oy BEREARIRs Sranla Filtd: s have so
excellent durability as a tensile stnen%th,retention of 850 or higher,
preferably 966°BPad SEECelthExpdseG o 1AV R A8 phere of a tenperature as high
as 80C and a relative 10 hum dity as high as 80% for 700 hqurs. The

br eaki ng st rengt Ah6f PERE estapny ehitions iiss congdy tot esbrrs, fpddreidably 2. 75
GPa or nore, nore preferably 4.10 GPa or nore. The pol ybenzazol e staple

fi bers can be wi dél-y Pededentrgodeagliderishers falameatiso hsiwingr Gc és8ed 1o
provi de spun 15 yarns, felt, etc. Such spun yarns and felt are used for

t ensi on nenbérsnglbh rasecdbloas odn@ o pes hiigheirs iadit egr erposiede tvater i al s
such as gl oves; heat resistant and fire resistant materials such as fireman
uni forms, heamosediestantt heltempgaskelrs bdr spranaad heatlaesist honiflabyi cs,
20 a variety of sealing materials, heat resistant cushions and filters;

abr asiion resifsBart fwat goicah®usech as conti nuous vehicle transm ssion belt
and clutch facing; reinforcements for construction materials; rider suits;
speaker cones; ang.t Ipgllyibke.z abide cagilbiedat ioans iQfardmg sStaafdor diinkerts ahe not
25 limted to those. 24

above paragraph 1, characterized in that the fibers or

filaments have a strength retention of 50% or higher when
exposed to light from a xenon lamplfor 100 hours.

15 3. Polybenzazole fibers or filaments according to the
above paragraph 1, characterized in that the fibers or
filaments contain in themselves an organic pigment having
heat resistance as high as a thermal decomposition tempe-
rature of 200°C or higher, and soluble in a mineral acid.

20 4. Polybenzazole fibers or filaments according to the
above paragraph 1, characterized in that the organic
pigment contained in the fibers or filaments has group(s)
of -N= and/or NH- in the molecule.

5. Polybenzazole fibers or filaments according to the

25 above paragraph 1, characterized in that the organic



- Spun yarns conprising the pol ybenzazole fibers or filanents obtained as
above are excellent in durability: that is, the spun yarns have a tensile
strength retention of 700 or higher, preferably 75% or hi gher after exposed
-to 5 an atnosphere of a tenperature of 80C and a relative humdity of 80%
for 700 hours. The use of such spun yarns;frekes it possible to provide
textile materials for highly durable protective materials, protective
clothing and industrial materials. 10 Exanples of the spun yarns of the
present invention also include conposite spun yarns which conprise the

pol ybenzazolg Jhiher .0l o ANl $ Ml e QLReT,f IATSeAS Qlheh Jidiers, there
are given natural fibers, organic fibers, netal fibers, inorgdnic fibers
and mneral fihers. 1 re. i o] rticular limt in selection of the

bl endi ng nepﬁggsoéﬁﬁ gﬁépggn en igﬁ%%'nixed staple fiber at opening
process, and core-in_sheath nethod n _be enpl.qyed. ,The pol yhenzazol

fibers or filamenfs &6 gﬁﬁ@&aégng e&Fe9§n£ﬁ$§T%%%§<§ﬁ%%ﬁﬁi§g o the

pol ybenzazol e staple fibers, 20 which are further finished into felt by any
of known ne@%&ﬁ?. E§39H€P%eﬂv-ﬁ@ﬁ?ﬁ&tﬁﬁﬂﬁﬁé;%& RGN HREn RGPS S abri ¢
maki ng _nmet hod can be enployed. A web is formed fromthe staple fibers, and
the welp i s Pécmeati seatpdnedoyin ke d ibesd o rpdidamed tfetiifodnystaft ch
bondi ng nmet hod or wat er 25 punching nethod, or by a nmethod using a

bi nder. O hehihedocventingsy be made from the pol ybenzazole filanments by the
spun- bondi ng nethod. Felt materials of the present invention can be nmade 5
from bl ended st aplie fioBgbsncamorliesifrigpetrise opolfjilemeatsl edddyerisidortd idhanent s
and different fibers. It is effective to increase the bl ending percentage
of the pol ybborazplaeabirhehs 1or chialramerirs,zashem tthetf ehte matgamiial i S
demanded to have higher heat resistance. The wei ght percentage of the 10
pol ybenzazolpé ghielher g oot afinleaimemt $hies fibefrer aldl ¥ 13G6heort shiighamhy radt e
preferably 800 or higher. Wien it is | ess than 500, the excellent heat

resi stiance afdnakrasioprsr.esi stance of the pol ybenzazole fibers or filanents
may not be fully exhibited. There is no particular limt in 15 selection of
the bl endi ng met hed, pon y®Rnizalzca% fralde r&omRr irSasrkerRoenRessin plended
fibers, or conprises a lam nation having two or nore felt |ayers which are
made separ aglyf F}%’f‘a raber ant dHhels QA& hlended Wil dhg el ybenzazol e
fibers or filanments, and such felts are 20 noldable. The felt material thus
obt ai ned capjghfhiccic@Rily HI Ntaidh o he patiengt Biavuen Afd &g exppsgd to an

at nosphere of "high tenperature and high humdity, since it conprises the
polybenzazoBgO;%QEBESor filaments which show | ess 25 decrease in strength
even after exposed to ‘an atnosphere of 26 hi gh tenperature and high

hum di.tzy over a | gng I f i e, a f.esult, rasion .resi stance
of t he15¥el t mater ?eil P@ﬁd‘é’%%én Zé)tlr?orrgsgﬁgrﬁee of ‘#gsh %&%%(ﬁa%y%legs:lr%ﬁr oved,

whi ch makes _i.t _possible to.inprave . the |ife of t heat 5 resistant cushion
mat eri al coﬁﬁfﬁ%ﬁ%& Fﬁ%ePePanﬁﬁéﬁﬁﬂ.oﬁmﬂh%?%ﬁ %g%ﬁﬁ<§f9%ﬁﬁ &€ &hpri si ng
the pol ybenzazole fibers or filanments thus obtained have high durability:
that is, thé REPhesensfe da tearanad Wi &gt FeBBAt RorCoR 7T BEMALRERET |
preferably 75% ar hi h%r, after exposed to 10 an atnosphere of a

t enper at ur e °3f 886Ct&Ad ‘Q% &P iSve hunidity of 800 for 700 hours. The use of
such woven or knitted fabrics makes it possible to provide textile

material s for higifl-yAdFPall &agmotCoRbinis gt &9latkenzszstlectiikerd &thing and
industrial materials. 15 Exanples of the woven or knitted fabrics of the
presert i nvéRtliegerdiss @si B¢ Jd@ Stomp@s iac@bameaY: rorthienisaued adtiy ihes iashisi ned
with other fibers or filanments such as natural fibers, organic fibers,

met al fi ber $enisidegatireniitheretantrionalo§ i ohighed jd.eMxpastdtbd of
20 conmbination is not limted. The woven fabrics include uni on woven
fabrics, doud enwveawe sialreCcf ld kedperftald e, 88°C. afleakmietlbedvkabri cs

i nclude union knitted fabrics, circular knitted fabrics, weft knitted
fabrics, wahmrdriittyed ff @i cor rr@dcheludeni tted fabrics, etc. Fiber or

11. A cord for reinforcing rubber, comprising twisted

25 yarns of polybenzazole fibers or filaments, the cord having



. 25 filanment fluxes conposing the woven or knitted fabrics are 27 not
particularly limted. Mnofilanments, nultifilanents, tw st yarns, conposite
tw sted yarns, covering yarns, spun yarns, stretch breaking spun yarns,

. core-in-sheath yarns and braids can be used. 5 The pol ybenzazol e fibers or
filaments of the present invention are tviisted as single tw st yarns or
twst two ply yarns, using a ring twisting nmachine, so as to inprove the
fatigue resistance. The twi st coefficient is sufficient to be 350 to 2, 000.
10 The twi st coefficient K= Tw X (Den/p)li2 Tw . the nunber of tw st [T/10
cm, Den . kotahsdesni etrpngthi betededshnt yf[ ghenB8kr Raghepr efeetrhexadiesi on
to rubber, the surfaces of the polybenzazole fibers or filanents nay be
subj ected t9,15,COLABIPhEEA! BENL PemPlaRARL 63 HBAE - ok NET e 58t 1 o COMPOUNG
reactive with tﬂe sur gces of the polybenzazole fibers or filanments or the

surface of {hgiR9Lybgrzazal e ki bepsner kil aments treated with corona nmay be
applied to such polybenzazole fibers or filanents. To further inprove 20

the adhesion to iybber nob(8cROLYBIAZE2RLe LhRRES ok kehaFeatingay be
subj ected to a dipping treatnment. the treating liquid, the follow ng can

be generall : aq di_s Is 0 r.esi ) ~@R
aqueoug diséSﬁéﬁgﬁcéﬁ%gggféc%ggqﬁgogyg%%?éggzgkfgyggﬁ géﬁggééggiggeﬁgfon of
a rubber |atex, .and D). a liquid mxture o r esor.ci r hyde
resin and aOFuBbgﬂeFa?ége%Rﬁﬁfpsﬁ cﬁooﬁntﬁemfﬁgéfgﬁg%ﬁi&uF%?E%ggﬁgg%hsed

al one or in conbination, for one-stage or nultiple-stage treatnent 5
conpri si ng PHko88rC npne@ %té%%§t€YﬁePu$%@bFYn@fn%gﬁoagrng90b%oéﬁﬁroyed. The
pol ybenzazol e fi ber sheets for cenent/concrete reinfqrcenent of the present
i nvention are | 083t o0A1P580PENFE2PH SweilGRE, oA fOfe FEHELCE Cdbfpri se t he

pol ybenzazol e 10 fibers or filaments in at |east one directiagn thereof.
Wien the weF§RENGY CPRETSHEet ey B8l GwiEds idenStreRd tih&dt e8dd oMo thavé a
required strength, which leads to the need of |am nating an increased
nunbed Oof sachhdheets afiteguleripegeicn toen atfmosiplsar. ofhén tere astyire
exceeds 1,500 g/cnR, 15 the inpregnation of a resin as adhesive into the
sheet beconeg podc, anaddat helatdhesi bnmwdt hyceffef02afAdrcéAbr bbvrbecones poor.
The fiber sheet specifically means a woven fabric, knitted fabric,
non-woven fabricline® coetodsiike shcetrial wongritsied modvdbertziagiod eof fi bers
or filaments are 20 fixed wth adhesive, |am nation of fibers or filanents
on a film a@hibkle birke€ilErenstsr ergtat dfeatdte dricheromplesnt,s tate

composite material having a tensile strength retention of
15 75% or higher after exposed to an atmosphere of a
temperature of 80°C and a relative humidity of 80% for 700
hours.
15. A sail cloth excellent in durability, comprising
polybenzazole fibers or filaments, the sail cloth having a
20 tensile strength retention of 80% or higher in the fiber
axial direction, after exposed to an atmosphere of a
temperature of 80°C and a relative humidity of 80% for 700
hours.
16. A high strength fiber rope comprising

25 polybenzazole fibers or filaments, the fiber rope having a



. least 50 kg/cm preferably at |east 100 kg/cm Wen the strength is bel ow
50 kg/cm the effect of reinforcing cenent/concrete can not be obtai ned.
Ceneral ly, 25 cenent/concrete is reinforced with the fiber sheet by 29
-sinply winding the sheet around the cenent/concrete, or by sticking the

fi ber sheet thereto. Otherwi se, the fiberisheet under a proper tension is
wound around a bridge pier and bonded thereto, or is bonded to the base of
a bridge. 5 The fiber sheet of the present invention can be applied by any
of the above nethods. The highly durable conposite materials conprising the

pol ybenzazolterfdier staferfddramitentaford REr presesdt Hiit IOt dm¥%:48% sed
reinforced by using the pol ybenzazole fibers or 10 filanents for one

direction of_ ¢ rdal Q§$H j.c | am i r i.nating
fabrics. Ast%%gﬁxégﬁﬁagéhquﬁgﬁéﬁy 0 gﬁ%ﬁﬂ%&%fﬁ?ﬁg@?egﬂgsgs5§%a§§q%poxy
resins and T 2SS A oS AN i ng plastics such as PPS and PEEK
and general?%ﬁggggeﬁﬁﬁgﬁﬁﬁbﬁgg{ic rggﬁﬁ%L15 such as PE, PP and pol yam de
can be used. It is essent.ial that: the.sail cl.ot.h of th resent invention
partially conpri slzs' ?\’hg&ﬁof?éyl?erngoafzﬁes% iBers ‘or 9 IpéDr%éﬁ"[ S AT c%;‘lﬁeaﬁsn an
organi ¢ pi gnent., .[For exanpl e, such pol ybenzazql e fibers or fil nts are
used i M 20 SonBin&riS %M%Rh%‘c?taﬁgr Cﬁreg CHBG ftih[?eﬁg”s%cﬁ’ra?é) oI§%t hyl ene
fibers, paraaramd fibers, wholly aromatic polyester_ fibers or carbon
fibers, Sai PAVIGKhS dedsidion g ai (e e i %oﬁ?pﬂrcétléﬂi% rddtS%ons.
In the present invention, it is inportant to inprove the strength 25
retenti on ofeXPleseshitio @notmasipdtedist iodfl 1oy tanpara finsercf 83Caxrindl adi recti on
of the pol ybenzazole fibers or filaments. Surprisingly, it is proved that

hi gh strengti®lfitiére ropdsicomet S0y e Yolhmerszasol e fibers or fil anents
are inproved also in light resistance, although the action 5 therefor is
unknown. Wil e t A& .presadtlathpamdioeass memprastimo tred wWermazadfe t he
foll owi ng consideration, it is considered that, because of the

| i ght -1$hi el diidrgref foectf idfanteme shiagth|lye aedatorree Sicstramterdr,gatiec pilgremt , t he
light deterioration of the ropes is |essened, that the 10 pol ybenzazol e

nol ecul es exaictoefd vieys tl ihgivti nigr raadieatsiidre ist riemEdh atean trietrurafed 320 drhe
normal states, or that radicals forned by the interaction with oxygen atons
are capt ur ethitghetrherfelay shabiddazed ke reacisgre sy denm tHig dd g Pproof
vests of the present invention are 15 nade of |am nated woven fabrics of
the pol ybenzazel gnhi hers1gk bkl aiRALS+yTBe Bext ¥he 9hot Reywaven fabric may
be any of plain weave, twill weave and other weaves for ordinary fabrics.
Plain weave fabr imes cahe iHeaf erdRd praidieh tihe drexidy 68 tihejeddyAre hayd to
shift so that high knife proof 20 performance can be realized. The fineness
of the gpol yhenzazel @dtdiars efaid 1S 19fe (1€ 18S §ilanlMERIH iU 1113 H00
dtex or less, preferably 300 dtex or |ess. Advantagepu§1y,_such | ow
fineness fi l?lpelrat% icigesfi'slt%mt $dT8KEH P HHY S0 UGS @y kni fe proof

per f or mance.

temperature of 200°C or higher and which is soluble in a

mineral acid include insoluble azo pigments, condensed azo
pigments, lakes, isoindolinones, isoindolines, dioxazines,

20 perinones and/or perylenes, phthalocyanines, quinacridones
and the like. Among those, preferred are organic pigments
each having group(s) ofl—N= and/or NH- in the molecule, and
more preferred are dioxazines, perinones and/or perylenes,
phthalocyanines and gquinacridones.

25 Examples of the perinones and/or perylenes include



. 25 inmportant that the nunmber of yarns of the woven fabric of 31 the
present invention is 30/25 mmor nore, preferably 50/25 mm or nore. Wen
t he nunber of yarns is small, the yarns of the fabric tend to nove so that

. sufficient knife proof performance can not be obtai ned. The wei ght of the
fabric 5 is 100 g/n2 or nore, preferably 1160 g/n2 or nore, in which range,
excel l ent knife proof performance can be exhibited. The fabric to be used
in the present invention may be partially or fully coated or inpregnated
with a resin. The knife proof vest of the present invention is made of a 10

| ami nation gf sgughifhabake32, @rpiRy , he-radeneb(a plurality of such fabrics
integrally sewn with a high strength machi ne sewi ng yarn. The bul | et proof

vests of th S A idkegmage 4oh nkamyRabed -f akhniags [of, 1the
polybenzazoﬁrelﬁjtlg g?%hg?gﬁﬁhkglé%%nﬁs e’Tﬁletj%.lexture ofzﬁhe Fabrlc may be any

of plain wegue. bullyowRays and al Bibnerares %qrmgr-%' BagY ohabr ¢ Plain

weave fabrics of 't rics are preferre Since thé téxture of

the fabric E géém%?h8&58ggzﬁﬁ%gﬁ%ﬁ§ﬁ %ﬁ@O@Slg%e6tg aghi eve high bull et

pr oof perfo €ss 0 bénzazol'e fibers or filanents

of the pres ntion is 110 dte ferabl 0 X or

| ower , 2and g QigéﬂsPﬁng8IﬁB&n%é%bééqpl8§M§%3r rﬁﬁ@hté 2 % Bch a I ow
fineness makes it easy to achi eve hlgg %ullgt ﬁ ,&qrfornance i S
necessary tﬁé?oﬁﬁéeﬁﬁyﬁuﬁﬁépréfZVHe V&F f éd&FSPﬁglﬁPé§@ﬁf

i nvention 32 shoul d be 40/25 mm or |ess. The melght of the fabric is 200

g/cn2 or | eds3 BréLdPEnOY) r5etgrRe, 2n AWRileH 3r&ige excel ent bul l et proof
performance can be realized. The bullet proof vest of the present invention
i s made of giBeltanilbhanizon)ehtbre [2hdvE@ahri%es, 18 nmay be nade of the above
fabrics |ntegrally sewn with a high strength nmachi ne sewi ng yarn. Firstly,
the pol ybenzdzdifé 1tiiBergudnoflilingmentss Sofl Ot(RE, HHe sémrit riompentas S baSel P~
characterized in that the fibers or 10 filanents contain an organic
pi gnedtd, sonelabxtypdehiyBeras thwr affi2, Andntds fodn hdWe a tensile strength
retention of 85% or higher after exposed to an atnosphere of a tenperature
of 80C and al'relfat]iove shgmiidiotlyi nef-1830 8f, G0 (200) 0 ute.t rome , 0r2g&nibd slipgrent
herein referred to has a thernal
ethoxyphenyl)anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline-
1,3,8,10(2H,9H) -tetrone, 2,%-bis(3,5-
dimethylphenyl)anthra(2,1,9~-def:6,5,10-

15 d'e'f']diisoquinoline-1,3,8,10(2H, 9H)-tetrone, 2,9-
dimethylanthra(2,1,9-def:6,5,10-d'e'f']diisoquinoline-
1,3,8,10(2H, 9H) -tetrone, 2,9-bis(4-
phenylazophenyl)anthra[2,1,9-def:6,5,10~
d'e'f']ldiisoquinoline-1,3,8,10(2H, 9H)-tetrone, 8,16-

20 pyranthlenedione, and the like.

Each of these perinones may be used alone or in
combination. The amount of perinone(s) to be added is 0.01
to 20%, preferably 0.1 to 10% based on the amount of

polybenzazole.

25 As the phthalocyanines, any of the compounds each



. 15 deconposition tenperature of 200C or higher and is soluble in a m neral

acid, as nentioned above. Preferably, the organic pignent has groups) of
-N= and/or NH in the nolecule. Mre preferably, the organic pignment is

. selected from perinones and/or peryl enes, phthal ocyani nes, 20 qui nacri dones
and di oxazines. The mneral acid is a netilyanesufonic acid or a

pol yphosphoric acid. The nethod of containing the organic pignent in the
fibers or filaments is not limted, and the organic pignment may be

contai ned at any of the steps of the polynerization 25 of pol ybenzazol e, or

may be contgipedyi g %ﬁghéféey&§mﬁe 188aR8! ¥aprodopsea) theepenpkation of
t he pol yneri zati on. exanpl e, the organic pignment may be added

simul taneousky wLtf L0enaddbti o ohcbay: et epbahonbot Ratybepzaggbe, or may

be added at an optional point of tinme during the 5 reaction pronoted by

i ncreasing %Q§§%?g§$agﬁgrf%§éggmgg Beaggg ?hgegfrgﬂg aPkpmay be added to

the reactio conpleti on e polynerlzatlon and stirred

e whahed wi th T0°GATbr. CARBCHFFolt ubUSF Py AT EACl SRpaPAEare arPs0tTor

are washed with usua erature o

hlgher and 300C | ower t g gnent _can ed in the
fibersor fPhﬁﬁ@ﬁ?gyaﬁﬁaagﬁﬁé"?_NgErgggtﬂghépgh FBROGt t%gﬁpéhgbenzazole
fibers or filaments shows 800 or_ high ﬁ; 8f tH of poéga 3 zole fibers or
filaments cBREARAPRY2RENALCHFGARNE pighelit! erP’ f that adverse
influ ence of the drying treatnment on the polynmer is _a little. Secondly,
the pol ybenphzbpéorybeisabe-NEPal8Ar ¥3&i NE ecﬁpééént 2PRvéhfliron are
characterized in that the strength of the fibers of filanents can be

suf fi ci ent | phihehoayaedna0eu’tholie SaNy0dNsadViant agerekat OkRd 2PH BlLEN
strength of the fibers or filaments decreases due to the organlc pi gment
cont ai ned thetehhocYheipekyphenrzaXePe NBBer ¥3dr NBRamdAPsScar)bé tamaomnl y
spun so that the operation is efficiently continued without any yarn
breakage. Thhd thebécause Bhe 25 phgsenprhatdédcysolinbl é igandsmivagr aavaci d,
can be di ssol ved 34 also in the resultant polynmer dope. When the content
of the orgaaiclphgiepheexapedst2@¥%t theéctitrendssmot hhéobiebersooy fil anents
i ncreases. This is disadvantageous, because the initial strength of the
resul tant yaemRnhbecemespl, owetthoxy group and the like.

Each of these phthalocyanines may be used alone or in
combination. The amount of the phthalocyanine(s) is 0.01

15 to 20%, preferably 0.1 to 10%, based on the amount of
polybenzazole.

Examples of the quinacridones include 5,12-dihydro-
2,9-dimethylquino[2,3-blacridine-7,14-dione, 5,12-
dihydroquino[2, 3-blacridine-7,14-dione, 5,12-dihydro-2,9-

20 dichloroquino[2,3-blacridine-7,14-dione, 5,12-dihydro-2,9-
dibromoquino(2,3-blacridine-7,14-dione, and the like.

Each of these quinacridones may be used alone or in
combination. The amount of the quinacrione(s) to be added

is 0.01 to 20%, preferably 0.1 to 10%, based on the amount

25 of polybenzazole.



« 5-Thirdly, the polybenzazole fibers or filanments of the present invention

are characterized in that the fibers or filanents are inproved in |ight
resistance. It is known that the strength of ordinary polybenzazole fibers

-or filanments decreases when they have been exposed to solar 10 light for a

| ong period of time. For exanple, the stremsgth of

pol y( p- phenyl enebenzobi soxazol e) fibers or filanments decreases to about 15
to about 300 of the initial strength thereof, when the fibers or filanments
have been irradiated with [ight froma xenon lanp for 100 hours. By

contrast, 15 the menfhenzazole.d idexaOndd liamande of, theRnassy-5, 15-
i nvention, which contain a highly heat-resistant organlc pi gnent , can

retain 500 q&éy&yyﬂ5 107efiefARloE 1 A3 Al i, gher, of fihe initial strength

t her eof after expose to xenon radiation for 100 hours 20 Wi le the

chem cal ’?13 %&%n%fdlo@(%qun%m% nealy 88 AMN 10 .9ANS, NGB cont ai ned

in the fiber nment s 't hé "actions theréof are not™ c early known,
the foll ow ng,.ca .SUu d:, singe t,he v0| n .t he po nzazol e
fibers or fi tosdel é’o"ﬁrols[%é& jﬁ rl*h'tzhenﬂgLcl SRk B b@‘

heat - r esi st gnt._or gani pi 35 ext ernal ter vapor. i s hard to reach
the. polybenadddi-e mi-To fiod HEen kHAE IS 6 W% Sleibers o
filanments are posed to an atno her e. of h| h tenperature and hj

humi dity, NSt reTﬁ)& RIS ntthé’fr i 5Nt £% R @ ko

decr eased or the mneral acid remaini ngcrqgn t he pol ybenzazol e fibers or
filanents i 9 -@lssorizied P fregiadtlor @ tlo toel'ddse BaERh G Thengmamiicipfar e

then captured by the organic pignent, so that the reaction systemis
neutral i zed FAd % linhi bit the decrease of the strength 10 of the
fibers or filanments or otherw se, the highly heat resistant organic pignent
havi ng a devel opéd d@@jargé:tv\@,systr@rﬁ captmamss qaagiccalds whe ldttest irdmor  sone
reason, to thereby stabilize the reaction system Simlarly, it is supposed
t hat tle |i dgite pesiysteanese dathel P erhienopa sy b eérhea 20l th flidwerasr iove i [tdreent s i s

i nproved by the presence of the organic pignent. The highly heat-resistant
or gani ¢ pi grenmnasfamciane3s anal shieeldd dsiaghindso ahernebyudees sion ddwbiindtengity
of light irradiation to the fibers or filaments; or, the organic pignment

functions to i medieatcgligard@ rpatgﬂemﬁdre;mainéomkas?e@ite imieeailes @xcidead by
light irradiation, to their normal states; or otherw se, the organic

pi gnent Capt]_l.j_ﬁrg_&_ercadjd:atlh% %%&Q@Jrlrﬁ%}l G}Jat}h,e i nteraction between
pol ybenzazol e and oxygen atoms, to thereby stabilize the reaction system

Wi le the foregoimg %,%ﬂy%%s%szoaree GRS A et i 1t L S&He i eI O 1 S not
36 restricted by such consideration in any way. BEST MODES FOR CARRYI NG OUT

THE | NVENTI QN eyl faaftt 8y drt o GREM £ iy 160 f"ﬂﬂdme@?cse%@n{%!ﬂ%@

nore detail by way of Exanples, which, however, should not be construed as

limting th%d%?ﬂ@%égzdﬂgaﬂyf§ﬁgy, and polybenzazole (PBZ) means at

least one polymer selected from the group consisting of
rolybenzoxazole (PBO), polybezothiazole (PBT) and
polybenzimidazole (PBI). In the present invention, PBO

20 means a polymer having an oxazole ring bonded to an
aromatic group which is not necessarily a benzene ring.
Examples of PBO include polymers each having a plurality of
oxazole ring units bonded to a poly(p-
phenylenebenzobisoxazole) or an aromatic group. The

25 similar definition can be applied to PBT and PBI. Examples



« invention in any way. Needless to say, nodifications of Exanples within a
range adapted to the gist as described |ater are al so possible, and such
nodi fications are also 10 included in the scope of the present invention.

- The measuring nethods in relation to Exanples are conducted as foll ows.
(Evaluation of Strength of Filanments underoAt nosphere of H gh Tenperature
and H gh Hum dity) 15 A decrease in strength of filanments under an
at nrosphere of high tenperature and high hum dity was eval uated as foll ows.
A sanpl e was prepared by winding filanments onto a paper cylinder with a
di ameter of df gdnypldi fas50@| eey@s Stonesk inka st apolymers and
tenperature/hum dity 20 container at a high tenperature and a high
hupi dity. Af : sl € Mass ¢ ey ed f '
subj ect ed toﬁlg{%]éenw&llyelﬁ%%st at tai roorgtemg%a%%%gi%%%%i%%ﬁiate t he

retention ofpdde sifengt @@f,t e%@muﬁad%%p%?&gﬁéso d ePéd‘i tlgEﬁlll g‘%{# el h faf ore

the storage.” The storage test n at nosphere 'of enper at'ure

d hi gh hunii duct ed_ at 0C and ti
P i Uy of B0 6 06 ROl CE R A, 1 it L G e ST B by
Yanat ha, t, of_ Fil t, Strength) 5 The strength
ot ot ion wet DEE N ST By TS W L i A4 GHor B s FEIGTe of t he

sanpl e before and after the storage test at high tenperature and high
hum dity, ar’rgud%r}vi g tang“t | & & gtth aaf“ﬂglé}eliﬁ 3Gt &fe test, by the
initial tensile strength before the storage test. The 10 tensile strength
was neasur eFRRCIIADE I SHeE Pricdedure of JIS- L1013, using a tension
tester (AG 50 KNG manufactured by SH MADZU CORPORATI ON). ( Measurenent of
Met al Concent r at iFsHLemad lobndd reationt Bienttharids| eyl a ke plioro B3 n t he
15 filanments was nmeasured using pellets obtained by solidifying the sanple,
with a fluomssleger X e lsgedetd ormne rt {eP\itvg4y dpes 5L inaniud et e tel by
PH LI PS). The concentration of the sodiumwas neasured by the neutron
activatd ng amwelysirs. 20Hils ginl vberosiomp Tiests A metaled namiet having a film
fixed thereon was set on a water cool ed xenon arc type weat her neter (G 35A
nodel manuf acturesterine ANy @Qartte vescuwsed- dlorfdimenliad eranaltd i {i)eras
gl ass, and borosilicate type S was used for the

below.



. 25 external filter glass. The fil mwas continuously 38 irradiated with
| ight for 100 hours under the followi ng conditions: Illumnnation intensity:
0.35 Wn2 (at 340 nn) Tenperature of black panel: 60C 3C 5 Internal

. humdity: 500 5 (Method of Eval uating Abrasion Resistance of Felt Materi al
at Hi gh Tenperature) A sanple was abradeco th a high tenperature abrasion
tester by bringing a rubbing naterial heated at 500C into 10 contact with
t he sanpl e under a | oad_ Q S equd rotagi ng the sanple at 300 rpm
under this condltlon'—gﬁec !ﬁg} anpl e was di pped in pure water for
10 seconds just before the .-rasﬂon test, and then abraded for 5 hours; and
the sanple was renpved fromthe tester, again 15 dipped in pure water for
10 seconds and agai n_abgrrdem ion ggs repeated until the sanple
had been abraded for tota abr ast’on resi stance of the sanple
was eval uated based on & decfeade in the wei ght of the sanple found after
the abrasion for 20 hours. nept of Strength of Wven or Knitted
Fabric) The strength-+e(§n c wasedet ermi ned by neasuring the
tensile strengths found b- 3 Y the storage test at a high
tenperature and a hlgh hunldlty, and dividing the tensile strength found
after the storage te tensume strength found before the
st orage 39 test. of a woven fabric was neasured
according to the procedure of Jl -L1096 and that of a knitted fabric,
according to the proced N‘ ~Usi ng.,\a tension tester (AG-SOKNG
manuf act ured by SHI MAD. (thhod of Measuring Strength) The
strength of a sail clothjwas neaﬁureo, using a sanple with a width of 2.5
cmof the cloth, according to the procedure of JI'S L1096. 10 Spi nning was
carried out so as to obtgin filanents with dianeters of 11.5 ~tm and

_E% 3?

fineness of 1.5 denier s extruded fr®m a nozzl e having 166 hol es
with dianmeters of 180 ~ g Spi nning tenperature of 175C, and the
extruded filanments were pushed into a first washing 15 bath which was so

| ocated as to cause th 3 to be ®

o -
R ers el

Polybenzazole fibers or filaments are formed from a

solution of a polybenzazole polymer (a PBZ polymer dope).
As a suitable solvent for preparing the dope, cresol or a
non-oxidizing mineral acid capable of dissolving the

5 polymer can be used. Examples of preferred non-oxidizing
mineral acid include polyphosphoric acid, methanesulfonic
acid, highly concentrated sulfuric acid, and mixtures
thereof. Among those, polyphosphoric acid and
methanesulfonic acid are preferred. Above all,

10 polyphosphoric acid is preferred.



. converged at an appropriate position to forma nultifilanent. A quench
chanber was located in an air gap between the nozzle and the first washing
bath, so as to elongate the filanments at a nore uniformtenperature. The 20
. I'ength of the air gap was 30 cm The filanments were pushed out into an air
at 60C. The filament takeup rate was 2002 min., and the fil anment

el ongation nultiplying factor was 30. The filanments were washed with water
until the concentration of the residual phosphorous in the 25 pol ybenzazol e
filanments reached 6,000 ppmor |ess. The 40 filanments were neutralized
with a 1o NaOH agygodsnsehuthenohobrlbnsepengserwashedewabpewaterl ter 30
seconds, dried at 200C for 3 m nutes and wound onto a paper cylinder.

(Exanpl e 1)3§%Pn€§éf@r§5i9aﬂ195 2a08itregennggsesd. Bodi-antraci 8506l RAL
di hydrochloride (334.5 g); terephthalic acid (260.8 g) and 122%

po'yphospho@%?gﬂ%kdiézig%ﬁFﬁdgbe@EBQiﬁgiBheghéthégglﬁﬁb 30nAk RYLES. r&hen,

the tenperatuire was gradually Increase so that the m xture was reacted at

f : f h f . Th
10,155 0P B 0 B M 00 0 BBt T

Zobr sox an intrinsic
viscosity of 30 dL/g at 30C, i ¢ch was asured by using_a, nethanesul fonic
aci d sol uti 6R® TbSF%él%MOQE Hgge8€§?0 kggcﬁﬁéeaageaufnggiﬁlfgﬁ
pht hal ocyani_nat e( 2-) - N29, N30, N31, N32 copggr @15'2 g) and Ehe m xture was
stirred. ThEACTPKE, sEFUEF A Was LEURCPAEBTFRIARBNLS 59t RELFBFEGEENGT
met hod. The resultant filanments were subjected to a storage test at high
t enper at ur e€¥AE8SHPgRChkiki-dicty (80C and 80 RHo) and a |ight exposure test.
20 The results are shown in Table 1. (Exanple 2% To a
pol y( p- phenyl eneBanzbbi psraedlte ) nY6pE 1R, 0SKdF2RAG RGLARSTSt Pnsi ¢
viscosity of 29 dL/g prepared in the same manner as in Exanple 1 was added
bi sbenzi ni dappp2yne2s bng' dovreis] barz prerakEs, 8YpBavafithkarre N8 Lhpagiione
(15.2 g), 41 and the m xture was stirred. After that, the solution was
spun by t hedkeredbiedg Methedanpiie,r ésullt.&nt Phitkarreios Web83s@¥Sedtved to a
storage test at high tenperature and high humdity (80C and 80 RH® and a
| i ght exposuperfkest. aThe (Buyest! ts a8 S$hown Si.nPhdkeine No. 4,772,678 by

Syberts et al. (September 22, 1988), U.S. Patent No.
4,847,350 by Harris (July 11, 1989) and U.S. Patent No.
5,089,591 by Gregory et al. (February 18, 1992). To sum up,

15 suitable monomers or copolymer can be reacted in a solution
of a non-oxidizing and dehydrating acid, by raising the
temperature stepwise or at a given rate within a range of
about 60°C to about 230° while stirring and shearing at
high speeds under a non-oxidizing atmosphere.

20 The dope thus prepared is extruded from a spinneret,
and the extrusions are elongated in an air to form fibers
or filaments. Preferred methods therefor are described in
the above patent literature and U.S. Patent No. 5,034,250,

The dope extrusions from the spinneret enter a space

25 between the spinneret and a washing bath. This space is



- (Exanple 3) To a pol y(p-phenyl enebenzobi soxazol e) dope (2.0 kg) having an
intrinsic viscosity of 29 dL/g prepared in the sane nanner as in Exanple 1
was added 9, 19-dichl oro-5,15 10

< diethyl -5, 15-di hydrodiindl o[ 2,3-c:2",3" -n]tri phenodi oxazine (15.2 g), and
the m xture was stirred. After that, the splution was spun by the foregoing
nmet hod. The resultant filanments were subjected to a storage test at high
tenperature and high humdity (80C and 80 RH® and a |light 15 exposure
test. The results are shown in Table 1. (Exanple 9) Under a stream of a

ni trogen ga%:en%l@ldf@aﬂQercﬁ%w Glifolyad, hydrogh erdtd%l@%% TH¥rged with
terephthalic acid (260.8 g) blsben2|n1dazo[2 1-b:2',1"-i] benzo[ 1m] [ 3, 8]

20 phenant hrg| ing- 8, ¥7- Q@OQ%e@%%.Qogquth%%%P d%pﬂﬁ%%h%Fh&xﬁﬁhP (2,078.2

g) were stirred at 60C for 30 m nutes. Then tenperature was gradual ly

I ncreased, %J?lltcgla te%761<r§'tx%ltl:rte W%eﬁn e so tf U aZQJhIlOIII)zé ClarlIon:I‘—50C

for 5 hours for hours he resultant "pol ymer ope of

I h I I h d f 26 dL/
B0 40, "o Ok s o dauT o0 By 6B asﬁ“#e'ta%ék'éé‘fﬁl?rdn.n& KA IR, Thi's

dope S spun.i.n_the s nner, as d above The results of the
storamg’tesﬁe&ﬁuﬁIgﬁafgﬁﬂepépﬁﬁgeaﬁﬁ‘ﬁ?ﬁh dity (80C and 80 5 RH% and
the |ight exposure test of the resultant fllanents are shown in Table 1.
(Exanpl e 5) Under™8 dtP&&m OF & 1iddfeogén S§AS 24 S6 1 @ishfchd o 69616 nol

di hydrochl oride (334.5 g), terephthalic acid 10 (260.8 g),

29H, 31H- pht RECESYaNEnSLOPEAIP tREG eRF1 ARTL LCOFIEPVELS. Pag)t &fd therv

pol yphosphoric acid (2,078.2 g) were stirred at 60C for 30 m nutes. Then,

t he t enper atQld eR&s gﬂé@uéﬂb@rﬁn@ﬁeééé@megost@aﬁ tfive thiext wesheas amglact ed at

135C for 20 hours, at 150C for 5 hours, and at 170C for 15 20 hours. The
resul t ant poﬁvﬁéﬁldoﬁé ofl tholay paridghemy |iewe deevizo biasex sxnathe alsacd car um
intrinsic viscosity of 28 dL/g at 30C, which was neasured by using a
met haddsul f dyideoxdide , scladiciiam hfkirexdoge wasaspuimm hyidhexdake orarher as
descri bed above. The results of the storage test at high 20 tenperature and
hi gh hum di i k€8@C &he r&d yRHemoard molse loifg hheexpdsene .t eTheofvatsig nigesul t ant
filaments are shown in Table 1.
herein referred to 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
15 is not a solvent for the polybenzazole polymer, so as to
remove the acid solvent from the dope. As a suitable
washing liquid, water or a mixture of water and an acid
solvent can be used. Preferably, the fibers or filaments
are so washed that the concentration of the residual
20 mineral acid can be 8,000 ppm or lower, more preferably
5,000 ppm or lower. After that, the fibers or filaments
are dried, heat-treated and wound, as required.
If needed, the fibers or filaments are crimped with a

push-on crimper or the like. Then, the fibers or filaments

25 are cut into staple fibers with predetermined lengths,



. (Exampl e 6) Under a stream of a nitrogen gas, 4,6-diam no 25 resorcinol

di hydrochl oride (334.5 g), terephthalic acid 43 (260.8 g), phthal ocyani ne
green (19.4 g) and 122% pol yphosphoric acid (2,078.2 g) were stirred at 60C
. for 30 mnutes. Then, the tenperature was gradually increased, so that the
m xture was reacted at 135C for 20 hourspzat 5 150C for 5 hours, and at
170C for 20 hours. The resultant pol ynmer dope of

pol ypar aphenyl enebenzobi soxazol e had an intrinsic viscosity of 28 dL/g at
30C, which was neasured by using a nethanesul fonic acid solution. This dope
was spun i n theysape, NBRARs18s sessthpedcaboye. hdhendOarpgsutisiel she
storage test at high tenperature and high humdity (80C and 80 RHY and the

li ght expos S E tihihagept Spaf ReSAOUNLA Dr Tl g0t
(Exanpl e 7)H{E%%$ %}gé?%£ﬁ1%§§g%%? r%ge% gas, 4,6-%ianin% 1% reso?c?ﬁgl

di hydr ochl oy j 4 t t hal.j j 260. ) ; ]
5,12-dihydr%9§$§£§$n%$h§%%%i§%§§?3-gT%%r?%#%Eﬁ7$?4?%?oﬁga%ﬁ%.zlg?rgnéslzzo
pol yphosphoric acid. (2,078.2 .were stirred. at 0. AL nutes. ndhen
t he tenpera?%?epﬁﬁglé?ﬁﬁﬁgYI§g%hg?%as%%? ég %%a?§$§%£%$§§u%gbZBBmgéogeacted
at 135C for 20 hours, at 150C f 5 hours, and at 170C for 20 hours. The
resul tant pﬁmydﬁ?r%oﬁﬁe%?r Bf§pz¢abﬂe§y$eﬂ%benzobisoxazole had an intrinsic
viscosity of 24 dL/g at 30C, which was neasured ?éaﬁs%ng ahnethanesulfonic
acid sol ution. TRPS BpBlHARtSPOAYPANERBC2S ShAR neFras"d€&crPbed above.
The results of the storage 44 test at high tenperature and,highgnggldity
£

(80C and 8oerFP}lant gneabightvexpodureneedt BFTERETheEGFERALORI P s are
shown in Table 1. (Exanple 8) 5 Under a stream of a nitrogen gas,

4, 6- di am noorebbgberol PUEhgtrbENI 8P deveB3artey) expepephtRalfiic aci d (260.8
g), bisbenzimdazo[2,1-b:l",2"j]benzo[|l m]][ 3, 8] phenanthroline-6,9-di one
(19.4 g) andtha@phpokyplioaphemperatcide( 2s0E8gR g 86f@ atdra et bat 5O f or
30 10 m nutes. Then, the tenperature was gradually increased, so that the
m xturte washumadted at h35E her 828 Kour 300ahol56C f BheSbheaksngand at 170C
for 20 hours. The resultant pol yner dope
of . pol ypar aphesxbenebenzhbi soxpzel €ibadsansi it GPasbe mbsepspryfetraB8ydL/ g
at 30C, which was 15 neasured by using a nethanesul fonic acid sol ution.
Thi's 2.75 GPa or more, more preferably 4.10 GPa or more.
The polybenzazole staple fibers can be widely used.

The staple fibers are variously processed to provide spun

15 yarns, felt, etc. Such spun yarns and felt are used for
tension members such as cables and ropes; incision
protective materials such as gloves; heat resistant and
fire resistant materials such as fireman uniforms, heat
resistant felt, gaskets for plants, heat resistant fabrics,

20 a variety of sealing materials, heat resistant cushions and
filters; abrasion resistant materials such as continuous
vehicle transmission belt and clutch facing; reinforcements
for construction materials; rider suits; speaker cones; and

the like. The applications of the staple fibers are not

25 limited to those.



- dope was spun in the same manner as described above. The results of the
storage test at high tenperature and high humdity (80C and 80 RHo) and the
| i ght exposure test of the resultant filaments are shown in Table 1. 20

- (Exanpl e 9) Under a streamof a nitrogen gas, 4, 6-diam no resorcino

di hydrochl oride (334.5 g), terephthalic agad (260.8 g),

2, 9- bi s( p-net hoxybenzyl )anthra[ 2, 1, 9-def: 6, 5, 10

d e f']diisoquinoline-1,3,8,10(2H,9H)-tetrone (19.4 g) and 25 1220

pol yphosphoric acid (2,078.2 g) were stirred at 60C 45 for 30 m nutes.

Then, the tenper aigie Was O il dnaea v AdRi1d e gdpd We was
reacted at 135C for 20 hours, at 150C for hghrs, and at 170C for 20

hours. The rasuldeaits REJoATRIeAQRE pfoROIMRATARRENBNekenz o 3, 0 sQxazol e
had an intrinsic viscosity of 28 dL/g at 30C, which was neasured’ using a

met hanesul f qpj,¢ agl d 9Ql %tﬂu%na?a%ss HQRE MGS RAUR. 'sr}hfl%f?ﬁ?%%%n as

descri bed above. The results e storage test at t enperat ure and

hi gh hum di -3QC - t i-ght sure test 10 of th
resul t ant fitolyfarr@rft g%gglel%gﬁm%r% 5@1%291.7%(??2%%\%&% %c?err ee{(psotsreecgrﬁoof a

nitrogen gas, 4,6-diam no resorcinol dihydrochl oride (334.5 q),
tereph?ﬁali@na@F@°F§%@F§ ﬁf;35Ff@ﬂﬁQW$@F§h6?%5%%?358FaérF&#ﬁ247?14-dione 15

(19.4 g) and 1229% pol Yy phori cid (2,078, 2 were stirred at 60C for
30 mi nutes. %’Fﬁﬁﬁ,lttyhéff gﬁ%e gﬁuﬁé)%@%ﬁaduaﬁheﬂ%%wh S Urhata tfe

m xture was reacted at 135C for 20 hours, at 150C for 5 hours, and at 170C
for 20 hour #2%fRe Lte RSSAHRL S0y MECVdSISe totdde materials for highly

pol ypar aphenyl enebenzobi soxazol e had an intrinsic viscosity of 26 dL/g at
30C, which ahd&s BrEd S5 1Ysi it ridtlifan &sWtesrtiiveadletdging iage  This dope
was spun in the same manner as described above. The results of the storage
test at hi ghncewpaialureteydaisgh hunidity (80C and 80 25 RHo) and the

| i ght exposure test of the resultant filanments 46 are shown in Table 1.
(Exanglle 11) Examples of the spun yarns of the present invention

also include composite spun yarns which comprise the
polybenzazole fibers or filaments with other fibers. As
other fibers, there are given natural fibers, organic
fibers, metal fibers, inorganic fibers and mineral fibers.
15 There is no particular limit in selection of the blending
method, and the conventional mixed staple fiber at opening
process, and core-in sheath method can be employed.
The polybenzazole fibers or filaments obtained as
above are crimped and cut into polybenzazole staple fibers,
20 which are further finished into felt by any of known
methods.
As the felt-making method, a known non-woven fabric
making method can be employed. A web is formed from the
staple fibers, and the web is formed into felt by the

25 needle punching method, stitch bonding method or water



. Under a streamof a nitrogen gas, 4,6-diam no resorcinol dihydrochloride
(334.5 g) and terephthalic acid 5 (252.7 g) were added to 1220

pol yphosphoric acid (2,165.5 g), and the m xture was stirred at 60C for 30
. mnutes. Then, the tenperature was gradually increased, so that the m xture
was reacted at 120C for 3.5 hours, at 13%G for 20 hours, and at |50C for 5
hours. To the resultant oligonmer 10 dope were added terephthalic acid (5.6
g) and a di spersion of 29H, 31H pht hal ocyani nat e( 2-) - N29, N30, N31, N32 copper
(19.2 g) in 116% pol yphosphoric acid (74.4 g). The m xture was reacted at
170 for 5 hgunsnand ALtROAC berbilahauescdTheihgsHl baAbepQl yTehedapeepf 15
pol ypar aphenyl enebénzobi soxazol e had an intrinsic viscosity of 26 dL/g at
30C, whi ch %@Et”ﬁ’a‘g{‘gﬁsdm%eua‘%keg E‘h@?%@@%%%&%h% g¢h dmapkyt bgnenthi s dope
was spun in the sa manner as described above. The results of "the storage

test at high_ten . yre igh humdity (80C and 80 20 RHo) and the
| i ght exposﬁ?éggggbggggtﬁgegggﬂltant filaments are shown in Table 1.

Exanpl e 12) Under st ream of nitro - - di. am r esor.cisnol
éihygfochloZide ?@é%.%aé?réﬁgst§Fe%h?h§??89§§iéé¥gnggggfggg Bera %S aded to
1220 | yphgsphoric acid (2,165..5 47 and the. m xtur stirred at
60C fgg %8 EFﬁﬁté;?naﬁénﬁg?ﬁiet5&88F§tﬁggpﬁéglagagaglé? '%8%%%58 % so t hat
the m xture was reacted_.at 120C for hour s, | 35C_f or. ours, and at

/ 3. at 20
150C for 5 R&GPES ¢86 £AL2FERGFt R GFﬁgﬁﬁﬁptSf&gﬁésmerétad&eﬁf EFEBNERal i ¢

acid (5.6 g) and a dispersion of
bi sbenzi m dagofpcrepse’ the. PLBEAZBPI REEESNERIFhEGatReoPPREPENERZGiEne (19. 2
g) in 1160 pol yphosphoric acid (74.4 %é. The m xture was reacted at 170 for
5 hours andfabezgocrf éilapensgr s WhEhe thesdked&niagsrymadr 1§opemgndeg to
pol ypar aphenyl enebenzobi soxazol e had an intrinsic viscosity of 28 dL/g at
30C, whi ch havenbagbeedhbyptusiendssaneehan8begl Weriol tapied cesitgdicort Thies dope
was spun in the same manner as descri bed above. The results of the storage
test av hi gboflgbpararzole dntemisglbrhdildimeytE806 ame f8Fabd YREXE axvd t he
| i ght exposure test of the resultant filanments are shown in Table 1.
(Exanpl e 13higher, more preferably 80% or higher. When it is less
than 50%, the excellent heat resistance and abrasion
resistance of the polybenzazole fibers or filaments may not
be fully exhibited. There is no particular limit in
15 selection of the blending method, in so far as felt
comprises homogeneously blended fibers, or comprises a
lamination having two or more felt layers which are made
separately from different fibers to be blended with the
polybenzazole fibers or filaments, and such felts are
20 moldable.
The felt material thus obtained can sufficiently
maintain the strength even after exposed to an atmosphere
of high temperature and high humidity, since it comprises

the polybenzazole fibers or filaments which show less

25 decrease in strength even after exposed to an atmosphere of



. Under a streamof a nitrogen gas, 2,4-diam no resorcinol hydrochloride
(334.5 g) and terephthalic acid 20 (252.7 g) were added to 1220

pol yphosphoric acid (2,165.5 g), and the m xture was stirred at 60C for 30
. mnutes. Then, the tenperature was gradually increased, so that the m xture
was reacted at 120C for 3.5 hours, at 13%@ for 20 hours, and at 150C for 5
hours., To the resultant oligoner 25 dope were added a di spersion of
terephthalic acid (5.6 Q) 48 in 116% pol yphosphoric acid (74.4 g) and a
di spersion of 3, 3 - [ (2-nethyl-1, 3-phenylene) diimno]lbis [4, 5, 6,
7tetrachl orgi 4k teppedat8rd- aAE] hﬂ%ﬁ- Rug)diny1a6@rpal yphesphbetbe agid (76.8
g). The m xture was reacted at 5 170 for 5 hours and at 200C for 10 hours.

Thtrinei c vibnael 1 yoof 20 g SR e ra sty oa byCusrag &
met hanesul f gni hd tion [ ope 8:15RVAuAaL RE samepRaRey,as
descri bed a 8§§?§$Eeuﬁgéglkg 8FI?8BP%SBS?§?aé§ tegt at gigh tg%gerature and
hi gh hum dity.(80C_and 80 RHA.. he.| | e sure .t est resul t ant
filanments aWé}é omﬁﬁﬁﬁ +ng84%}%?%xgﬁpﬁ%bg§§euﬁggr%g%gt?Zaﬁggfh%%%itrogen
(260.850) . BE6SHgRAnEHcEnE dTBE (00, 5005 ad" 22206y OapASHES aci d
(2,078.2 g) were_stirred at 60C for 30 m nutes. Then,  the tenperature was
gradual 1y i ncr ea¥84ens8rt Kat ttRE %??F&Fé FREPFdSiPdd thE ?@gégQBFafﬁlﬁours,
at 20 150C for 5 hours, and at 170C for 20 hours. The resultant polyner
gﬁfe oI ggkfﬁﬁﬁﬁsﬂéﬁyﬁéﬁé@@ﬁiég?ﬁ&ﬁaESFélﬁéé ?ﬁvﬁnpﬁfﬁsﬁEr ¥§Eg§ﬁ%r ?f 26

g_a : ich was measured by using a met hanesul fonic acid sol ution.
Thi s dope wabagpis.i thehéabaiesnhaner 2adcasdéei BEdeasshe retretron &dul ts of
the storage test at high tenperature and high 49 humdity (80C and 80
$Hg|) agd ngol%i lghrt ?g‘;gpsggr @reégzra@flw Hf%r @§g£htlaﬁterfri Iaér?@gt fxﬁoé%cm; i4n5
able 1. anpl e nder a stream of a nitrogen gas, 2,5-diam no-
benzenet hi obndiakydspaklrer ode a 38402 rg)uakd ofes@pit hatli @ aeldt{282.7 g) were
added to 122% pol yphosphoric acid (2,165.5 g), and the m xture was stirred
?L ?thfor_&?mﬂﬁﬂmyesf F@?ngotPéfgggpfmatgrghﬁamsgr@d?@fgylggﬁffasegb SYo)

a e mxture was reacted a or 3. ours, a or
hours, and ahilt%QQ frabri dRowakesTa tt b el ant paldvderertetkapd ener e added
D5, B1H pht halauaninatal 2shEd cuNan NS B2 adaRe 22 010), [ 116

: p t@@anisn ul dulka®l cxdpRem 1@1g), In 0
pol yphosphoric acid (74.4 g). The m xture was reacted at 170 for 5 hours
and 15 at 200G tfof 15QULEN 1 HRE RS Ulnicritt i1y weit «dapa «of
ponparaphe%&lenebenzobisthia?ﬁle had an intrinsic viscosity of 26 dL/g at
30C, whj ch was nmegsyrad DY, AISIHG VRt Ranesildn caaidsutdien. This dope
was spun in the sane naﬁner as descri bed above. The results of the storage

[ h o d i bed ab h I f th

20 test at iahJemerakine,and B dhNUmAIdhIAOC Anb A RH)uant dde

| i ght expos e resultant filanments

fabrics combined with other fibers or filaments such as
natural fibers, organic fibers, metal fibers, inorganic
fibers, mineral fibers or the like. The method of

20 combination is not limited. The woven fabrics include
union woven fabrics, double weave fabrics, lip stop fabrics,
etc. The knitted fabrics include union knitted fabrics,
circular knitted fabrics, weft knitted fabrics, warp
knitted fabrics, raschel knitted fabrics, etc. Fiber or

25 filament fluxes composing the woven or knitted fabrics are



. are shown in Table 1. (Exanple 16) Under a stream of a nitrogen gas,

3-am no-4 25 hydroxybenzoic acid (300.0 g) and 29H, 31H r 50

pht hal ocyani nat e( 2-) - N29, N30, N31, N32 copper (12.1 g) were added to

- pol yphosphoric acid prepared from 116% pol yphosphoric acid (787.0 g) and

di phosphorus pentaoxi de (263 g), and the myxture was stirred at 60C for 30
m nutes. 5 Then, the tenperature was gradually increased, so that the

m xture was reacted at 120C for 3.5 hours, at 135C for 20 hours, at 150C
for 5 hours, at 170C for 5 hours and at 200C for 5 hours. The resultant

pol yner dopedef jRelikenzexazaligitad .an Moo tingentss Casiltos fafl ahrdld,g at 10
30C, which was neasured by using a nethanesul fonic acid solution. This dope
was spun in S n ; ks < T I h rage
fost Bt hi gh Eoimar ot e Sm R o Rk ar Y CB08" ang 50 by and t BT gnt
exposure te fot I f.i s are sh in. 1! Le 1. (Exanple
17) Under a sfggénggf%g%ﬁi%?%%éﬁ”&:g?%§;3%fﬁ§!4%%§‘rQQy%E%%§FEY§€¥1 (300.0

g) and phth C I reen (12.1. g) were added to pol yphosphoric acid
pr epar ed fr%#@2é%%fg% %@%y%ﬁo§%ﬁ§Fic acid (787.0 g) and di phosphorus

pent aoxi de (263 ,an he m xture.pwas stirr at _60C for_ .30 m nutes.
Then: the.t enper 4115 SORL I ATORA SRt roRted S0P Anarh FETRE s
reacted at 120C for 3.5 hours, at 135C fqr 20 .hours, at |50C for 5 hours,
at 170C for *5VEETHOG &5&n W&thgoésf S Lo e STTH@ TRSs At &t SPoltyifer  dope
51 of pol ybenzoxazole had an intrinsic viscosity of 11 dL/g at 30C, which
was measur e®@lBy Y@Shgg &Stechandddior dmils taeidd H@&};‘&ﬁeon.soTﬁiss Qo p&RKEY SSpun
in the same manner as described above. The results of the storage test at
hi gh 5 t enpéhgt fe&igwe Miegh sihamicei-t y TheoCwadrsd 80 el iamd tise | ght
exposure test of the resultant filanments are shown in

sufficient to be 350 to 2,000.

10 The twist coefficient K = Tw X (Den/p)'/?
Tw : the number of twist [T/10 cm],
Den : total denier p : fiber density [g/cm’]
To improve the adhesion to rubber, the surfaces of the
‘polybenzazole fibers or filaments may be subjected to
15 corona treatment or plasma treatment. Otherwise, a
compound reactive with the surfaces of the polybenzazole
fibers or filaments or the surface of the polybenzazole
fibers or filaments treated with corona may be applied to
such polybenzazole fibers or filaments. To further improve
20 the adhesion to rubber, the polybenzazole fibers or
filaments may be subjected to a dipping treatment. As the
treating liquid, the following can be generally used:
(A) an aqueous dispersion of an epoxy resin,
(B) an aqueous dispersion of a blocked isocyanate,

25 (C} an aqueous dispersion of a rubber latex, and



. Table 1. (Exanple 18) Under a streamof a nitrogen gas, 3-amno-4 10

hydr oxybenzoi ¢ acid (300.0 g) and bi sbenzi m dazo[ 2, 1
b:2',1'-i]benzo[ 1m] [ 3, 8] phenant hrol i ne-B, 17-dione (12.1 g) were added to
. pol yphosphoric acid prepared from 116% pol yphosphoric acid (787.0 g) and
di phosphorus pentaoxi de (263 g), and the2mi xture was stirred at 60C for 30
m nutes. 15 Then, the tenperature was gradually increased, so that the

m xture was reacted at 120C for 3.5 hours, at 135C for 20 hours, at 150C
for 5 hours, at 170C for 5 hours and at 200C for 5 hours. The resultant

pol ymer dopeppf; ppl ¥REAZAXRAZELE HRda aPekbtEinst6rva5eo8Vdy pésif dhdgaat 20
30C, which was neasured by using a nethanesul fonic acid solution. This dope

was spun in a npegr, as descri bed above. The results of the storage
test at higﬁﬁﬁgﬁgeyg%gge(an%?high hum dity (80C and 80 RHo) and the |ight

exposur e { st 0 oLhenLespliantof) | ATERL snayeoshpuei 128 Tabl enl 52

(Exanpl e 19 a treamof “a nrirogen di am nobenzoi c

di hydrochl oride,. (440.9 g) and _bi sbenzi nijd -b. 2!

i | benzo[ | mfP%° 6Eéﬂ%htﬁ?6l?%%-%Pi9?d$%n§5?ggﬁié)sé%?% Teaes fo

pol yphosphoric acid prepared from 1160 pol sphoric.aci 0 and

di phos horUEO%EHfEBQSdEQ?Z%E Q?FeaﬁéePﬁe n¥§B§FeP§EEE§ §rﬁgéK§§568g&for 30
m nutes. Then, the tenperature was gradually increased, so that the m xture

was react ed?@t ®ABHRYESr 3.5 hours, at |35C for 20 10 hours, at 150C for 5
hours, at |170C for 5 hours and at 200C for 5 hours. The r sultang pol ymer
dope of pol ybenz&hfi BazyPenRragcan faPEFnshecyPsEnsi FFMERTOCARFEeAE 30T,

whi ch was neasured by using a nethanesul fonic acid solution. This dope was
spun in thersanBonannentasfishdessrrbal apveBtiTRear8shPPstef 11 RE0st or age
test at high tenperature and high humdity (80C and 80 RH% and the |ight
exposure tegfmdfin heeiesiul tamd fhé apteer &S agemphbyh Fhe Tadl oanzgophparati ve
Exanple 1) 20 Under a stream of a nitrogen gas, 4,6 di am noresorcino

di hydeochl ofiider§334. 5igpmentesepht hal least one direction thereof.

When the weight of the sheet is below 100 g/mz, the sheet
can not have a required strength, which leads to the need
of laminating an increased number of such sheets, resulting
in poor efficiency. When the weight exceeds 1,500 g/cm%

15 the impregnation of a resin as adhesive into the sheet
becomes poor, and the adhesion with cement and concrete
becomes poor. The fiber sheet specifically means a woven
fabric, knitted fabric, non-woven fabric, net, net-like
sheet in which the intersections of fibers or filaments are

20 fixed with adhesive, lamination of fibers or filaments on a
film, or the 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,

25 cement/concrete is reinforced with the fiber sheet by



-acid (260.8 g) and 1220 pol yphosphoric acid (2,078.2 g) were stirred at 60C
for 30 mnutes. Then, the tenperature was gradually increased, so that the
m xture was reacted at 25 135C for 20 hours, at 150C for 5 hours and at
-170C for 20 53 hours. The resultant dope of poly(p

phenyl enebenzobi soxazol e) had an intrinsiggviscosity of 30 dL/g at 30C

whi ch was neasured by using a nethanesul fonic acid solution. This dope (2.0
kg) was spun in the sane 5 manner as descri bed above. The results of the
storage test at high tenperature and high hunmdity (80C and 80 RH% and the

l'i ght exposurignd165tyiefg e tiRs WHa fidaree %&néﬁ@%dd’re@' ®rl by
(Conparative Exanple 2) 10 Under a stream of a nitrogen gas

i am nor esorginaly ) hydy qoplar iR L33 o, 1 Srephald c 4102608 9),

safranine (19.4 g) "and 122@6po|yphosphor|c aci mere stirred at
60C for 30 e e r %[ ulé%jcln I t hat
h WG,
the 15 m xt {Jyr e%lé\t/\t/azmrd-eggc%eé)%?}eﬁ%% L}?g%our%oa % ok Yo rlseqrand at
170C for 20 result, a bla r Qg Ilke mass f
filaments cSu d R dA%'%ﬁ¥ﬁﬁ#ZMa§”bﬁt éﬁy plnnpﬁbhFFﬁhfi |shﬁﬁﬁgﬁ%t mas
|np055|ble é%p rat| 3) 20 Under t.r eam of a nitro
G i morSotag SO COCHS: IR SCa S5t A it o P (360, 8
g) anlllne blacg %% 9 g) and 1220 polyphosphorlc acid (2,078.2 g) were
stirred at G66E © & A S S - the tenperature was gradual |y
i ncreased, so 25 that the m xture mas reacted at 135C for 20 hours, at 54
150C for 5 hour s Tfd PRI UG 12D GesiRcS 1 tas e tregddlis. CRMBITAER YUBBer - | i ke
mass fromwhich filaments could not be drawn was obtained. Spinning from
t hi s productPodadengigedicnlfd beg 5 canmfdrianiond sbxdnplhe Hrageddr lavemteam of a
nitrogen gas, 4,6 diam noresorcinol dihydrochloride (334.5 g), terephthalic
aci d (260. 8ngy, bisi glsdmfiomicgal ¢y2 Ub-im@'the polybenzazole fibers or
i ] benzo[ 1mm] [ 3, 8] phenat hrol i ne-8, 17-di one (50.4 g) and 1220
10 filaments for one direction of the materials, by a
pseudocubic lamination, or by laminating fabrics. As the
matrix resin, any of thermosetting resins such as epoxy
resins and phenol resins, super engineering plastics such
as PPS and PEEK, and general-purpose thermoplastic resins
15 such as PE, PP and polyamide can be used.

It is essential that the sail cloth of the present
invention partially comprises the polybenzazole fibers or
filaments which contain an organic pigment. For example,
such polybenzazole fibers or filaments are used in

20 combination with other high strength fibers such as
polyethylene fibers, paraaramid fibers, wholly aromatic
polyester fibers or carbon fibers. Sail cloths are
reinforced with fibers in complicated directions. 1In the

present invention, it is important to improve the strength

25 retention of the sail cloth substantially in the fiber



. 10 pol yphosphoric acid (2.,078.2 g) were stirred at 60C for 30 m nutes.
Then, the tenperature was gradually increased, so that the m xture was
reacted at |35C for 20 hours, at 150C for 5 hours and at 170C for 20 hours.
. The resul tant dope of pol yparaphenyl enebenzobi soxazol e had an intrinsic 15
viscosity of 26 dL/g at 30C, which was megsured by using a nethanesul fonic
acid solution. Spinning was carried out using this dope in the sane nmanner
as descri bed above. The filanments were frequently broken just under the
spi nning nozzle, and thus, the spinning fromthis dope was 20 i npossi bl e.
(Conpar ative,k i ; Jpdeg t kr agr 4ibaments.
dianinoresogégégrag?ﬁggﬁgghﬁgr?32 F%ggbghé??eggrggﬁgﬁgl?c acid (260.8 g),
bi sbenzi mi dazo[ 2,1-h. 2" .1 125 i.lLbenz [ p t i 8 -di one
(3.4 g) and 122W§ar§§%88?‘9% 6s6]ﬁo§|gc8%%5%h( ??‘%%5235‘5 E&g%@@ga rf}ég(}at 60C
for 30 mnutes. Then

t he tenperature, wa radual. i.ncre t t he
m xture was PBSEt GGTRE 17358 g§F528°%88F§?a%P%%sgébﬁéF %rhgzﬁgmgﬁgsa?%%7oc
for 20 hours. The resyltant 5.polyner .dope of .
pol ypar apheAPERE6ENZ BPS&?ai&Qgthﬁﬁséﬁ%PHFFVn§#5h9P§QO§PFyaSFl?€ dL/ g at
30C, which was neasured by using a n?thaggsulfoni% acid sql uti,on. Ihis dope
was spon i ntbREeEare LRaNRENONE - de ¥R il 6e F G0 BV E S SPite TPESTHITES Mo St RE st or age
test at high tenperature and high humidity 10 (80C,and 8Q RHo), and the
| i ght expos&estidstegt byhanveodl &gt toilllomweRds C&Pélgﬁmﬁlpﬁ?wéﬁl é%. As is
apparent fromthe results shown in Table 1, it is known that the
pol ybenzazokensiildersdoithiit), alpesesisef ofx sl dd 9bowdd eleiy dhiedit esttr &fgt h
retentions after exposed 15 to atnospheres of high tenperatures and high
hum di ty andheehdghilyr diadt irers,isdaento wgareed ovpigmend  f ither d ightf i | ament's of
Conpar ati ve Exanpl es. (Exanple 20) Under a streamof a nitrogen gas, 4,6 20
di am nor esodeitraliotialiydnooHl ahiederofp@34.1% d)es steeresphtthalti ¢ha&ci d (260. 8 Q)
and 122% pol yphosphoric acid (2,078.2 g) were stirred at 60C for 30
m nut 9. Thew,l ke zkemper aclrcewlas gxaduald oy ndogds ed,rasd athatn tise m xture
was reacted at 135C for 20 hours, at 150C for 5 hours and at 170C for 20 25
hours. The neswdiant 1golrerirmdepeofcheoingimal Sates, or that radicals

formed by the interaction with oxygen atoms are captured to
thereby stabilize the reactiocn system.
The knife proof vests of the present invention are
15 made of laminated woven fabrics of the polybenzazole fibers
or filaments. The texture of the woven fabric may be any
of plain weave, twill weave and other weaves for ordinary
fabrics. Plain weave fabrics are preferred, since the
textures thereof are hard to shift so that high knife proof
20 performance can be realized. The fineness of the
polybenzazole fibers or filaments of the present invention
is 600 dtex or less, preferably 300 dtex or less.
Advantageously, such low fineness fibers or filaments make
it possible to achieve high knife proof performance. It is

25 important that the number of yarns of the woven fabric of



. phenyl enebenzobi soxazol e) had an intrinsic viscosity of 30 dL/g at 30C,

whi ch was neasured by using a nethanesul fonic acid solution. To this dope
(2.0 kg) was added 29H, 31H pht hal ocyani nat e( 2-) - N29, N30, N31, N32 copper

. ((15.2 g), and 5 the mxture was stirred. After that, the solution was spun
in the sanme manner as described above. Thg resultant filanments were
conbined to nmake a tow having a fineness of 30,000 denier. The tow was
crinped with a push-on crinper having rolls with width of 20 nm The
crinped tow was cut 10 into staple fibers with given | engths of 44 mm

using a rotapy ﬁyéggﬁt Theeatapghe:iki BerssweneosuRbeel edrk@caabll 9r agg2test
under an atnosphere of high tenperature and high humdity (80C and 80 RHA

and a | ight ,exposyre teswhexh@heeﬁahgarag@ showa kg Tahhe 2cnl5 LExanpl e

21) Under a streamof a nitrogen gas di'am nor esor ci nol “di hydr ochl ori de

(338.5 9). Lerephthallc acid.(280,8, >sgn9hg Z%$§EX9Q§%DQ8EE8 Bebls

(2,078.2 g) ©f OF m nu he tenpe ature 20
was gradual%é i_ncreased, so th m, xt

, d
hours, at 1BBELPBIABCRoGRE BRG é? TgéélPS %u%g%%%ﬁ Ftaﬁ%%polyner

dope of pol y(pphenyl e ebenzoblsoxaz e had intyinsic VISCOSIt f 29
dL/ g af 3oclS\MEP8h%&2 PedRered BYSLe ‘f%}@ LY ]'rg&h%rf&sﬁrf S}ﬁrce'25”héi%“%

solution. To this dope (2.0 kg) was added 57

bi sbenzi mi d&28pg; 165C8Y; fnr.raéﬁfoprﬁﬁr[@e§F05W@ﬁgﬁtﬁ@8|Pﬁeeéhi?l& Gne
(15.2 g), and the m xture was stirred. After that, the solution was spun in
the sane nefher fabrdesepi beduasevén the PEsSsERAniNVERAHERt 88XePE 5 combi ned
to make a tow having a fineness of 30,000 denier. The tow was crinped with
a push-on cpampealhavpmgfnéﬂwscwntﬁdwpdthm@ﬁeZGaﬁﬁﬁ WhéEhcai wpednt-owThE&s cut
into staple fibers with given lengths of 44 mm using a rotary cutter. The
st apl e fi bekaifier preovlij @esedotfo thespoeagatt estventden as 1adst wdsghere of

hi gh tenperature and high humdity (80C and 80 RH® and a |ight exposure
test. 1Dhe reswihatape siownchn fidhlies?. ofExayple 22peUnder @lstraddmyof a
nitrogen gas, 4,6 15 diam noresorcinol dihydrochloride (334.5 g),

t er epht hal i g fagiudh( 268r8cg) iane ka2 yeleyphodphon tigti dte2n@Zd 2 g) were
stirred at 60C for 30 m nutes. Then, the tenperature was gradually
increased, s@chhak bReiMgXEuEFe Was reacted at 135C for 20 hours, at 150C
for 5 hours and at | 70C for 20

The bullet proof vests of the present invention are
made of laminated fabrics of the polybenzazole fibers or
15 filaments. The 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 texture of the fabric hardly shift, which makes
it possible to achieve high bullet proof performance. The
20 fineness of the polybenzazole fibers or filaments of the
present invention is 1,110 dtex or lower, preferably 600
dtex or lower, and the use of the polybenzazole fibers or
filaments with such a low fineness makes it easy to achieve
high bullet proof performance. It is necessary that the

25 number of the yarns of the fabric of the present invention



- 20 hours. The resultant polymer dope of poly(p phenyl enebenzobi soxazol e)
had an intrinsic viscosity of 29 dL/g at 30C, which was neasured by using a
met hanesul fonic acid solution. To this dope (2.0 kg) was added 9, 19

- di chl oro-5, 15-di et hyl -5, 15-di hydrodi i ndol o[ 2, 3-c: 2", 3" 25

n] tri phenodi oxazine (15.2 g), and the m xgpre was stirred. 58 After that,
the solution was spun in the sanme nmanner as descri bed above. The resultant
filaments were conbined to make a tow having a fineness of 30,000 denier.
The tow was crinped with a push-on crinper having rolls with width of 5 20
nm  The cri npefhtOWaras /O it st e fiRerns it o ek [enatihs of 44 nm
using a rotary cutter. The staple fibers were subjected to a storage test

under an at mgpher§20f highst epperatyne yandohi,ghz hup dit y-f 8P, a0d 80 RHA
and a |ight exposure test. The results are shown 1 n Table 2. 10" (Exanpl e

23) Under a i j.am r.ci.nol_ di hy hl ori de
(334.5 q), tﬁ%ﬁﬂﬁ% Huidde, E(kgcg)offJ ?%gﬁfb%%%%%?’?ﬁ@%ﬁhy%ﬁno[ 2,3
b] acri di ne- -di gne ( ) 122% pal.y oric .acid 15 ,078.2 0)
were stirr eéj lJa]fheglo%q:fo (?rflgfc?%n%g r?ufencgl.e egns?eq}%g‘r}ﬁé%&elroeﬂ ul%e mv\?adée gogéaaual |y

i ncreased, so _that .the mxture was reacted at 135C for 20, hou at 150C
for & Rours FMITRC IO SROGIOT & LM Tedt t% Solyie oghof

pol ypar aphenyl enebenzobi soxazol e had an intrinsic viscosit 0 of 24 dL/g
B0 30, vihi PGS hRedSded T ARa g & SHE G A oM SHiSTE MAGH DeTh o
dope was spun in the sane manner as described above. The resultant
filaments w1 EB¥aTét to nmake a tow having a fineness of 30,000 denier.
The tow was crinped with a push-on crinper having 25 rolls with width of 20
mm The crinped tBOwWStdy cihd M YoaaFRaaads & ey Lmikih aglarndis ehdilts of
44 mm using a rotary cutter. The staple fibers were subjected to a storage
test under &¥esandsphereaigfomiage idps@achtanieethdhitgethiiiaifiypgBo0mnd 80
RHY and a |ight exposure test. The results 5 are shown in Table 2.
(Examil®e 24)f ilrdents stardeahrofara qridaroigerpigaesnt, 6o that the fibers or

filaments can have a tensile strength retention of 85% or
higher after exposed to an atmosphere of a temperature of
80°C and a relative humidity of 80% for 700 hours. The
organic pigment herein referred to has a thermal

15 decomposition temperature of 200°C or higher and is soluble
in a mineral acid, as mentioned above. Preferably, the
organic pigment has group(s) of -N= and/or NH- in the
molecule. More preferably, the organic pigment is selected
from perinones and/or perylenes, phthalocyanines,

20 quinacridones and dioxazines. The mineral acid is a
methanesufonic acid or a polyphosphoric acid.

The method of containing the organic pigment in the

fibers or filaments is not limited, and the organic pigment
may be contained at any of the steps of the polymerizatioh

25 of polybenzazole, or may be contained in the resultant



. di am noresorcinol dihydrochloride (334.5 g) and terephthalic acid (252.7 g)
were added to 1220 10 pol yphosphoric acid (2,165.5 g), and the m xture was
stirred at 60C for 30 m nutes. Then, the tenperature was gradual ly
-increased, so that the nmixture was reacted at 120C for 3.5 hours, at 135C
for 20 hours and at 150C for 5 hours. To 4#He resultant oligomer dope were
added 15 terephthalic acid (5.6 g) and a di spersion of 29H, 31H

pht hal ocyani nat e( 2-) - N29, N30, N31, N32 copper (19.2 g) in 1160 pol yphosphoric
acid (74.4 g), and the m xture was reacted at 170C for 5 hours and at 200C
for 10 hour r It amt I of, 2 ; ;
polyparaphe%$H§ﬁ§§e§§§gi%gxggglggﬁgéggﬁgpnkfi%gfcpeﬁggggﬁﬁftéﬁnQG §ffg at
30C, which su i:ng a f.oni Ci lLut.i.on. i s dope
wes spun 1 n CREPLRre hEnaEo a B2 Eb R anovs. SrRsY sdnrsar P hatent s
were conbined.to ke a.tow having a_fineness af 30,000 25 denier. The tow
was crinpedWMQPhtg%pﬁgﬁ9%ﬁ°@rPé;é%whg@Fﬁéla éo%P6|P&qxgﬁﬁﬁﬁﬁﬁﬁﬁ'oPrzo nm
The crinped tow was cut, into staple fibers wit i,ven | engt hs of 44 mm
using a rot &2y OGt PERCITRE SPafpP lPPBér?°W@FeOEu%ﬁ@@tg&rﬁgga%§Fbrage t est
~under an at nosphere of hi%h tenperature and high humdity 5 &goc,and 80
RHo) ard a FiegGhtleRpeSeretedsty FRETFESHYs tafe LSARRR Sty FalsitePy1se or
(Conparative Exanple 6) Under a streamof a nitrogen gas, 4,5

di am nor esof&i RoldidieRy dedehl o day( 934 asldgd toeLEFhIRAIGTE OT0 S¥&TEY 260. 8 g)
and 1220 pol yphosphoric acid (2,078.2 g) were stirred at 60C for 30

m nut es. Thedtethéheegpapatiionnesd ghaedralivpericeddsosd, agg tstrdtr rede amidkt ur e
was reacted at 135C for 20 hours, at 150C for 5 hours and at 170C for 20
hours. The mésweldt amttopdheneraddpenofsysdley(.p 15 phenyl enebenzobi soxazol e)
had an intrinsic viscosity of 30 dL/g at 30C, which was neasured by using a
nmet hanesul f oni ¢ &tied podlyiveinaazolle €itepes 2. GikKgnends sen warshice wsame
manner as descri bed above. The resultant filanments were conbined to nake a
tow haw ng @afticrenass ofri20 QAR dari Qft. a2@ iR rdreas erHgTpedrwht Bhar
push-on crinper having rolls with width of 20 mm The crinped tow was cut

into stapleghidenswi bh gbuep L§nghhe ehe44rfHhi¥ShhgmankoLanYpEUELREd
in the fibers or filaments. The tensile strength retention
of the polybenzazole fibers or filaments shows 80% or high-
er of that of polybenzazole fibers or filaments containing
15 no organic pigment. Thus, it is known that adverse influ-
ence of the drying treatment on the polymer is a little.
Secondly, the polybenzazole fibers or filaments of the
present invention are characterized in that the strength of
the fibers of filaments can be sufficiently maintained
20 without any disadvantage that the initial strength of the
fibers or filaments decreases due to the organic pigment
contained therein. The polybenzazole fibers or filaments
can be smoothly spun so that the operation is efficiently
continued without any yarn breakage. This 1s because the

25 pigment added, soluble in a mineral acid, can be dissolved



~ The staple fibers were subjected to a storage test under an atnosphere of
hi gh tenperature and high humdity (80C and 25 80 RH®% and a |ight exposure
test. The results are shown 61 in Table 2. As is apparent fromthe

. results shown in Table 2, it is known that the pol ybenzazol e staple fibers
of Exanpl es had very high strength retentjpons after exposed to 5

at nospheres of high tenperatures and high humdity and Iight irradiation,
as conpared with the staple fibers of Conparative Exanple. (Exanple 25)
Under a stream of a nitrogen gas, 4,6 10 di am noresorcinol dihydrochloride

334.5 g), 2t hal.j i 0 caNd o122 enaci
( 9). LeLephy EhbcéégPQE%éffgglgé ang gg 0 pakyPhegrhenitenaciod¢

(2,078.2 g) were stirre m nutes. Then, the tenperature was

gr adual |y | peLegsedn; S0k BALALNE MEEkUr 6 guas cheagt adnat 135Cckhar 2Bhgurss,

at 150C for hou an 5 hours. e resultant polymer dope

of poly(p, Phenyl snchepzobl sosazale) hadan atchnsn Wpssest {k-ob, 30 dU/o

at 30C, whi &h anesultonic $ol"ution.
this dope (2,0 kg) wa agded BH,élH pht hal ani nat e(2-)-N29, N30, N31, N32
copper (15.§h6)}%éﬁ&a§05 ﬁ@nﬁ% tQ etRﬁsr§PPﬁié t XFFQr%FHSPFStﬁ8W$5rution
was spun in the sanme manner as descri bed _above. The resiltant po%y% nzazol e
filameRts were cablffly,sthfl BOLYBERLARPLR FaRGERs O6f B1 M tPhe fstdfl e
fibers were twisted at a twist constant of 3.5 to nmake a spun yarn with a
cotton 25 yRFRSEBENLNIENLORE. aTRe Chaggclterdeeendtrh toptt kber ddlieesnCT 62
spun yarn was 9.5 cN dtex. The spun yarn showed a strength retention of 74%
after subj efiddmepts srer agerresd dnder dhih FEHBSPHRECE -of 1K §IF KEPEr at ure
and high humdity (80C and 80 RHo), and showed a strength retention of 41
after 5 subjtbetedheosarkeinghh efposdieatrestolybemiaratlioevdibegifplog 7) Under a
stream of a nitrogen gas, 4,6 diam noresorcinol dihydrochloride (334.5 @),
t er epht hal i €ideimént260c8 rgk sasd wh22o thelyy plrospbereinc expios o2 ,t07 804 ay)
10 light for a long period of time. For example, the strength
of poly(p-phenylenebenzobisoxazole) fibers or filaments
decreases to about 15 to about 30% of the initial strength
thereof, when the fibers or filaments have been irradiated
with light from a xenon lamp for 100 hours. By contrast,
15 the polybenzazole fibers or filaments of the present
invention, which contain a highly heat-resistant organic
pigment, can retain 50% or higher, preferably 75% or higher
of the initial strength thereof after exposed to xXenon
radiation for 100 hours.
20 While the chemical conditions of the highly heat-
resistant organic pigment contained in the fibers or
filaments, or the actions thereof are not clearly known,
the following can be supposed: since the micro voids in the

polybenzazole fibers or filaments are filled with the

25 molecules of the highly heat-resistant organic pigment,



- 10 were stirred at 60C for 30 mnutes. Then, the tenperature was gradually
i ncreased, so that the m xture was reacted at 135C for 20 hours, at 150C
for 5 hours and at 170C for 20 hours. The resultant pol yner dope of poly(p
- phenyl enebenzobi soxazol e) had an intrinsic viscosity of 30 15 dL/g at 30C,
whi ch was nmeasured by using a nethanesul fomic acid solution. This dope (2.0
kg) was spun in the sanme manner as descri bed above. The resultant

pol ybenzazol e filanents were cut into staple fibers with Iengths of 51 nm
The staple fibers were twisted at a twi st constant of 3.5 20 to nake a spun
yarn with aGatdren 1y #at GoWwloof i20NerdThe trensin enst § rfa A

resul tant spun yarn was 9.3 cN dtex. The spun yarn showed a strength

retention of, 33 Rfter S Getiad e SRLYERE Lol UNGRIr AR AtATOSPAST I of
hi gh tenperature and high humdity (80C"and 80 RHo), and showed 25 a

strength retgntiQpQf 9% aft %rtfr?;ISéIﬂIh%?ee%ﬁ %1%1' I[t%g{peraQ:%r%X%%%”h%gtheSt' AS

is apparent from the above resu I's kno the spun yarn hade of

h lyb I I i f I d i h
{he POl Ybenzagal s ) anie et ol Biamhe 20 Bl Aely I oM syranal

retention after posed ' to an atmospher
hum di ty and Ii%ht irradjation, as _conpared wt the%pun ar.n rradetg t he
stapl e ¥ibePs% & S6VEBLAMe Y EAPIPe 26 UTEEF A S ddn B a
nitrogen gas, 4,6 10 di.am noresorcinal dihydraochl oride (334, ),

t er epht hal i (Poéé’ilb&n(z’é’@@.l@ &)l%%c? PR KGNSS pivod S S8G ¢ 1t g’?/g 2 g) were

stirred at 60C for 30 m nutes. Then, the tenperature was gradual ly

i ncreased, FOUNHAIS KO AR WY Hoged edrdr IBSCH Gre2d CSpE@retsoc
for 5 hours and at 170C for 20 15 hours. The resultant polynmer dope of

pol y(p phenyYerdtge @ZEIBINd6x RZGMEN thadcartatt Ghesireantsedsisws e 3¢ dL/ g at
30C, which was neasured by using a nethanesulfonic acid solution. To this
dope (2.0 k@euwigs lddded t2olhE: Halhadyidnitiet elezreaz A3ENE B NFh adtdpper
(15.2 g), and 20 the m xture was stirred. After that, the solution was spun
i n thdOsane ofariher fddbedssor Had aaleons.; The atdsuiwisas, fhiHearmdrghdl vwdrest-
subjected to a storage test under an atnosphere of high tenperature and

hi gh hum di tresi8Grand r&@nRido)p iameknear [haghin gexpasred dpest .cohmgaasul ts are

shown 25 in Table 3.
system captures radicals which occur for some reason, to
thereby stabilize the reaction system.
Similarly, it is supposed that the light resistance of
15 the polybenzazole fibers or filaments is improved by the
presence of the organic pigment. The highly heat-resistant
organic pigment functions to shield light to thereby lessen
the intensity of light irradiation to the fibers or
filaments; or, the organic pigment functions to immediately
20 return the polybenzazole molecules excited by light
irradiation, to their normal states; or otherwise, the
organic pigment captures radicals which occur due to the
interaction between polybenzazole and oxygen atoms, to

thereby stabilize the reaction system. While the foregoing

25 reasons are considered, the present invention is not



. 64 The filanments were conbined to nmake a tow having a fineness of 30,000
denier. The tow was crinped with a push-on crinper having rolls with width
of 20 mm The crinped tow was cut into staple fibers with given lengths 5

. of 44 mm wusing a rotary cutter. The resultant staple fibers were opened
with an opener, and a web with a wei ght afg 200 g/ n2 was made of the opened
staple fibers, using a roller card. A plurality of such webs were | am nated
and subjected to needl e punching to nake felt with a thickness 10 of 10.0
mm and a wei ght of 2,600 g/nR2. The abrasion resistance of the felt at a

hi gh tenper : exal d ; aLt, s {h e ase in the weight of
the felt duggggg%ﬁgégb¥gs?g%ﬁmggég}?e%gﬁgh%.l%Egggpﬁg927) 15 Under a stream
of a nitrogen gas, 4,6 diam noresorcinol dihydrochloride (334.5 @),
terephthalic acid (260.8 g) and 1220 pol yphosphoric acid (2,078.2 g) were

stirred at 60C for 3 1N n at.ure radual

i ncreased, so that tﬁgghigbﬁﬁg &gg Fégggggegpggo&%§5&ﬁgﬁygi§ghourg, at 150C
for 5 hours and at 170C_for 20 hours. The,resultant yper dope.of poly(p
phenylenebenzobi§8§828F5¥eﬁad95ﬁ Pﬁ???ﬁ%i&nyﬁgéégPtvggh gg SEPgaéFegoc,

whi ch was neasured by U$in% a nethanesulfgnic aci.d solution. To this dope
(2.0 ké) wasnafeeg destail by way of Examples, which, however, should

bi sbenzi m dazo[ 2,1-b:2',1'-i]benzo[ | m][ 3, 8] phenant hrol i ne 65 8, 17-di one
(15.2 g), aR@tthe APREGFEcHassSsLiPLEANIALhEr SERRE, OfhEhSoPEESERtwas spun in
the sane manner as described above. The resultant filanents were subjected
to a storagénvestiondén anvavmysph¥eeddeshi §e sewperaddia candonisgk s
hum dity (80C and 80 RHY and a |ight exposure test. The results are shown
in Tabl e 3. EXhepfliesamethsnwer eahigri shegtend the thengisgnasr dgscribBdanpl e 26
to make felt with a thickness of 10.0 nmand a weight of 2,500 g/nR2. The
abr asi on rediaskanaecotlshepbelktible,atnd bugh medpdériatiiiensasirevallsat ed. As
a result, the decrease in the weight of the felt due to the abrasion was 3
3 mub cn2incibgedplia 28k Yadee afstheaprekeatniitwegenogas, 4,6 15
di am nor esorci nol di hydrochloride (334.5 g), terephthalic acid (260.8 g)
and 1220 pol yphosphokke@sagitg( 2ec@h83d3 gh wene tsbnr red Examn@lEsf arre30
m nutes. Then, the tenperature was gradually increased, so that the m xture
was react edahql3®ed @k 201hewss, at 150C for 5 hours and at 170C for 20 20
hours. The resultant pol ynmer dope of poly(p

(Evaluation of Strength of Filaments
under Atmosphere of High Temperature and High Humidity)

15 A decrease in strength of filaments under an
atmosphere of high temperature and high humidity was
evaluated as follows. A sample was prepared by winding
filaments onto a paper cylinder with a diameter of 10 cm.
This sample was stored in a constant temperature/humidity

20 container at a high temperature and a high humidity. After
that, the sample was removed from the container, and
subjected to a tensile test at a room temperature, so as to
evaluate the retention of the strength after the storage to
the initial strength before the storage. The stdrage test

25 under an atmosphere of high temperature and high humidity



. phenyl enebenzobi soxazol e) had an intrinsic viscosity of 29 dL/g at 30C,

whi ch was neasured by using a nethanesul fonic acid solution. To this dope

(2.0 kg) was added 9, 19

. di chl oro-5, 15-di et hyl -5, 15-di hydrodi i ndol o[ 2, 3-¢c: 2',3" 25

n] tri phenodi oxazine (15.2 g), and the m xt{ure was stirred. 66 After that,

the solution was spun in the sanme manner as descri bed above. The resultant

filaments were subjected to a storage test under an atnosphere of high

tenperature and high hum dity (800 and 80 RH%Y and a |ight exposure test. 5

The meSults.ake ahow dy [able AnoHie il ATy MeL Al nkaigdilg the same
0 ma e n

manner as in with a'thicknéss of

wei ght of 2, %%qdq/yofw?oag@s'm ol aga%%%f Hmﬁdfg}c#%[&q?aemqﬁhm

t enper ature was eval uat e a resu decreas

the felt du abrasi on, /c (Exanpl e 29) Under a strean1of
a nitrogen g?é%ft % da% oresgiﬁ %%JE$ é?ochlorlde (334.5 g),
terephthall 5 acid ), -2, 9-di met hyl qui no[ 2, 3

bl acri di ne- 7 E HISH@&% fSngagﬁ@%l§gg hosphoric acid (2, 078.2 g)

wer e stlrred at 60C for 30 m nutes. Then, the tenperat re was gradually
i ncreased, so t hatet FELANEEr & ShEQ IR e & LEIBETRGY W%iﬁéil%& e
for 5 hours and 2Q at 170C for 20 hours. The resultant pol ymer dope of
pol ypar apheryiéneBe tEAS1dEx 4510 MAG &F ither isagwd ovbgdesia prsk affeg/ g at

30C, which was neasured by using a nethanesulfonic acid solution. This

pol yner dopéhfasteopavs rrestie adamd Iimrhedoeds tdeec ginse d Igbovainithd weswa ant
25 filaments were subjected to a storage test under an 67 at nosphere of

hi gh t enper giivdeliqgd thieghk emgiildi oy re8Q@Chard t8F RHE) sdod aa@d itgst eXxposur e
test. The results are shown in Table 3. The filanents were finished in the
sanme manner tas iimi% iBdarmens 2@ tsdrealgehf detfowiet iha tshricolages S esft .10.Therm and
a weight of 2,700 g/n2. The abrasion resistance of the felt at a high

t enperidt ur e twas idwalstateedit hASIas tesuhired ke ddecrieasaed nhchenweieghireofoft he
felt due to the abrasion was 3 . 4 ng/ cnz . 10 (Exanple 30) Under a stream

of a nitrogenmsegas,014, 6disdmoner esersdionolt edithydr @ s5or Kl (w334 2 cdu rad
terephthalic acid (252.7 g) were added to 1220 pol yphosphoric acid (2,165.5

g), and thepRi e pms cbresRiamet)at 60C for 30 minutes. Then, the
tenperature was gradually increased, so that the m xture was reacted at

120C for 3. QM@gghgem@htl%&C@kﬁblzgoag@hgr@ﬁqoﬁt 150C for 5 hours. To the
resul tant ol i goner dope were added terephthallc acid (5.6 g) and a

di spersi on of 29'I‘h%1'é%9io%fﬁttfi%'t9%a%'f”%%( %e)sﬂﬂ%%l'\%%cm%o%scql?p%rhe( 19.2

g) in 1160 pol yphosphoric acid . Then, the m xture was reacted at

170C hoy 5 hOuLs.And %bZ%%qu%dl% gag} @eﬂi@%sr exLaIy By yrer dope of

pol ypar aphenyl enebenzo bi soxazol e ha ntrinsic viscosity of 26 dL/g at
' solidifying the sample, with a fluorescent X-ray

spectrometer (PW1404/DY685 manufactured by PHILIPS). The
concentration of the sodium was measured by the neutron-
activating analysis.

20 (Light Exposure Test)

A metal frame having a film fixed thereon was set on a
water cooled xenon arc type weather meter (Ci35A model
manufactured by ATLAS). Quartz was used for the internal
filter glass, and borosilicate type S was used for the

25 external filter glass. The film was continuocusly



. 25 which was nmeasured by using a nethanesul fonic acid sol ution. 68 This
pol ymer dope was spun in the sane nmanner as descri bed above. The resultant
filaments were subjected to a storage test under an atnosphere of high

. tenperature and high humdity (80C and 80 RH® and a |ight exposure test.
The 5 results are shown in Table 3. The fig anents were finished in the sane
manner as in Exanple 26 to nake felt with a thickness of 10.1 mmand a

wei ght of 2,600 g/ n2. The abrasion resistance of the felt at a high
tenperature was evaluated. As a result, the 10 decrease in the weight of
the felt du : b { OR . afl l e 8)
Under a strggﬁggﬁgge%i??ESeglégg,§2?6§ngé%g?§ng§§?gFﬁgiEsgsggﬁﬁgride
(334.5 9), ESBS?PEE%ELC 15 acid (260.8 g) and 1220 pol yphosphoric acid
(2,078.2 g) were stiffed at 60C for 30 m nutes. Then, the tenperature was
gradual ly increa so_that the m xture et 3 for 20 hours,
at 150C for 5 hogiguaﬁaaé%oﬁ768$F8Fl§é-h83?§.h?ﬁe ﬁ%%ﬁ%%%ﬁ%g%olyner dope of
pol y(p 20 phenyl enebenzobi soxazol e) had an intrinsig viscosity of 30 dL/g
at 30C, whi ch waseRR&saredenyfubiagXaPaehan8Sutioni € acid soiution. This
pol ymer dope (2.0 kg) was spun in the same manner as described above. The
resul tant fil aneAf&erBpd bubjleétdd £68%atsPérage test under an atnosphere of
25 high temperature and high humdity (80C and 80 RHo) and_a 69 Li%ht
exposur e tedletipd péshrveduaténgndRiarhotaBreigtarre Pifl Rkt ¥aheraa
finished in the same manner as in Exanple 26 to nmake felt with a thickness
of 9.8 nm andtalwehghempfr2t8@6)g/ n2. The abrasion resistance of the felt 5
at a high tenperature was evaluated. As a result, the decrease in the

wei ght of the fe”t sdnpleowbheabbrdsdoniwasa4hdghgtenRerAsuirs appasart from
the results of Table 3, it is known that the felt materials nmade of the

pol ybenzazokest@rf bhebgiatibyaapredbahg waryréxtehkantd ataboastomnto

resi stance under atnospheres of high tenperatures an high humdity, as
conparted w tbnthetf @ithmaher sampdt Gadpar at ilvadExdanplod. ghoedy dang to the
present invention, it is possible to 15 provide felt materials made of the
pol ybenzazoketbtithays teapabhelef asuBbiocirent byderi mhdisnicegdifeost.r engt h even
when exposed to at nospheres of high tenperatures and high humdity over

| ong peri odgpatitiibri1herabosamptiRe whel Hipplkear ial puek Wheepr esentio

i nvention can be effectively used 20 to convey hot products which retain
heat of, paﬁ%&%ﬂb@rBms%oggf%&ehmaee%br%%H%al%@gx,4Q%@ ehehi gBehded for
manuf actured in the field of nolding netals such as alum num iron, copper,
etc. and Ce@aﬁbﬁ§s;a55ﬁo%ﬂg_ggﬁ.ggpkb%aEb RS clf firbe @l tERken alag-and the
tenperature range are not |Iﬁ1tg to 25 those.

15 dipped in pure water for 10 seconds and again abraded.
This operation was repeated until the sample had been
abraded for total 20 hours. The abrasion resistance of the
sample was evaluated based on a decrease in the weight of
the sample found after the abrasion for 20 hours.

20 (Measurement of Strength of Woven or Knitted Fabric)

The strength retention of a fabric was determined by
measuring the tensile strengths found before and after the
storage test at a high temperature and a high humidity, and
dividing the tensile strength found after the storage test

25 by the initial tensile strength found before the storage



. 70 (Exampl e 31) Under a streamof a nitrogen gas, 4,6 diam noresorcinol

di hydrochl oride (334.5 g), terephthalic acid (260.8 g) and 1220
pol yphosphoric acid (2,078.2 g) 5 were stirred at 60C for 30 m nutes. Then,
. the tenperature was gradually increased, so that the m xture was reacted at
135C for 20 hours, at 150C for 5 hours and at 170C for 20 hours. The
resul tant pol ynmer dope of poly(p phenyl enebenzobi soxazole) had an intrinsic
viscosity of 30 10 dL/g at 30C, which was neasured by using a
met hanesul fonic acid solution. To this polynmer dope (2.0 kg) was added

29H, 31H- pht pal ocyapi nat gf 21 ) » N2Or DO+ N34 £ NB2w6 9BREEab £0e 2wlY , maBdutba

m xture was stirred. The resultant Solution was spun in the sanme nmanner as

descrl bed abaugeaThg 15 [R8Ubtantapelybengasol bl agmal snperceyt |t

S 0 were then twisted at a tw st

yarns wer o Fii LTed TBoRARe ACCRBHARaEH ThPneheEReETHoPf R TS arh eBtnt of

yarns were yarn-w on~yarn colnt of

/ . h f ol ded / i i ¢ which
vas 1111 o0 WFLHS6H GERBLor e FREn AREOKD Geft JAFRErt Renb a1 ERE [ ©

strength of the resultant fabric in the vertical direction was 4,150 N 3
cm The fabFPRPRBETSHN) ected to a storage test under an atnosphere of high
tenperature and 25 high humdity g8OC and 80 RH%9. As a result, the
strength  TMegbpdnpfoMeapur hof dbFFRIRAS 81% The fabric was further
subjected to a |light exposure test. As a result, the strength retention

t hereof was 38. TEragprengeh 8fTRespalns§l@iEhhWaScBERSHIPEr nUESNHAL 20f 20/ 1Ne
made in Exanple 31 were used to nmake a tubular knitted fabric which was
filled withséBpiei wéhbshi wehthnofhd.becmi odl ther eépicbn 8A6§029180i £éhes/ i nch
in the lateral direction. The tensile strength of the resultant fabric in

t he verti cakhdi peotednréOoviasIg, 6503K.5 cm The fabric was subjected to a
storage test under an atnosphere of high tenperature and high humdity (80C
and 8Q0RHY . As gptasatiht, wabecatrreérdt butetsentisonocobbtthé nf dBliamends 750. The
fabric was further subjected to a |ight exposure test. As a result, the 15

strength refepti gRathbeeeaf owas1440ym and fineness of 1.5 denier. A
dope was extruded from a nozzle having 166 holes with
diameters of 180 pum at a spinning temperature of 175°C, and
the extruded filaments were pushed into a first washing

15 bath which was so located as to cause the filaments to be
converged at an appropriate position to form a
multifilament. 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

20 length of the air gap was 30 cm. The filaments were pushed
out into an air at 60°C. The filament takeup rate was 200
m/min., and the filament elongation multiplying factor was
30. The filaments were washed with water until the
concentration of the residual phosphorous in the

25 polybenzazole filaments reached 6,000 ppm or less. The



. (Conmparative Exanple 9) Under a stream of a nitrogen gas,

4, 6di am nor esorci nol di hydrochloride (334.5 g), terephthalic acid (260.8 g)
and 122% pol yphosphoric acid (2,078.2 g) 20 were stirred at 60C for 30

. mnutes. Then, the tenperature was gradually increased, so that the m xture
was reacted at 135C for 20 hours, at 150G or 5 hours and at 170C for 20
hours. The resultant pol ymer dope of pol y(pphenyl enebenzobi soxazol e) had an
intrinsic viscosity of 30 25 dL/g at 30C, which was neasured by using a

met hanesul foni c 72 acid solution. This polynmer dope (2.0 kg) was spun in

the same ”H@E?éméﬁFgegggkbﬁgueP8Y§zeEh@i&ﬁSHl&%nNaéﬁlanaaagogglhk&aﬁents

were cut into stap ers wwth lengths of 51 nm which were then tw sted

at a tw st onst 3. i C ar nt, of

20/ N, Tuo Shcndy Arre ugt o Per ol TEh Hake A Pio Folded Sarn kieh o eot t on
yarn count of 20/2Ne._Such two fol ded $rns are woven Lo mpke a 2/1 twll
fabric whi chORes #??I%dnﬁ?T%e%SmW%r%P@%.n%??%c% RAREBOC et Y 9Y Al ns/ i nch. The
10 tensile streng&h ES the resultant fabric in the vertical direction was
4,320 N 3 cht*#iB fabri c was subjected to a storage test under an

at nosphere of hiﬁh t enperature and high hum dity (90%_$nd 80 RHo). As a
result 2 the streHBERTr 8t EREFER 8Ff EhBIFABPFE WES'620° ThE™FABri ¢ was
further 15 subjected to a light exposure test. As a re % t, .the strength
retention tkesescinad Ql@¥d€€6ﬁé§Fé@?vé3§£a§pﬁé'16fr?ﬁ§ §§4ﬁ§'ﬁ999 a cotton
yarn count of 20/ 1Ne made in Conparative Exanple 9 were used to nake a
tubul ar kni t(2€@ -2809f abRdc 1RARCc Rok&BhPisPhed 1w #5168 (S i0/ShésFil nkl§LiEn t he
vertical direction and 29 stitches/inch in the lateral direction. The
tensil e strengthedl atheoPesfibtad® mabutesin Thenyverhechémpgératuirenwaas
1,580 V5 cm The fabric was subjected to a storage test under an

at nospher e ofrabiugh 125 inerpesadur ecantalti ghehmixdivre (@GCraadt8d Ro). As a
73 result, the strength retention of the fabric was 590. The fabric was
furthern subjesbedrbe 20l hghtsexpesupe°t esdr Pshaursesudid dthel Bi%cerfgirh
retention thereof was 18.. It is known fromthe above results that the
woven 5 fabnioc hangst.he Thiei trieech ftabiti @otade-ahanlyd epelbehenid solxa ddllegr s of
Exanpl es 31 and 32 are very high in strength retention after exposed to

at nospher es jf, i @h of gapenaldires @ g hudid yande | 3@ 4 radi apign,

as conpared with the woven fabric and the knitted fabric nmade of

Conpar ati ve 1Q Ex g aeadad B Bl enedRardddartonisd redm afolaitiid.ogen
gas, 4, 6di am noresorcinol dihydrochloride (334.5 g), terephthalic acid
(260.8 g) and, 1220 RANPRRIRNOM & a%)d Wed Qi DoHlBMere stirred at 60C

for 30 mnutes. Then, the tenperature was gradually increased, so that the

i xt Une, was i eactieth Al 13RC {00 A0 AW N2, NEOCJNerS hotts @nd atq 170C

for 2 our tant polymer pe of pol y(pphenyl enebenzobi soxazol e)

had an intrigel G Sasilae Ue 30 dlhBl 300G NAR JTRASUT Sty

usi ng a met hanesul'fonic acid sol'ution.” To thi's polyner dope (2.0 kg) was

added 20H 31-htNAl oGaN] Nat.£(2: )5 NG9 A0 IBL. D2 GBI 45 2 e the

m Xt ure was

were subjected to a storage test at high temperature and
high humidity (80°C and 80 RH%) and a light exposure test.
20 The results are shown in Table 1.
(Example 2)
To a poly(p-phenylenebenzobisoxazole) dope (2.0 kg)
having an intrinsic viscosity of 29 dL/g prepared in the
same manner as in Example 1 was added bisbenzimidazo(2,1-

25 b:2',1'-ilbenzo[1lmn] [3, 8] phenanthroline-8,17-dione (15.2 g),



. After that, the resultant solution was spun to nake 25 filanments with
dianeters of 11.5 ~mand fineness of 1.5 74 denier. The filanments were
extruded froma nozzle which had 166 holes with dianmeters of 180 ~mat a

- spi nning tenperature of |175C, and pushed into a first washing bath which
was di sposed so that the pushed filanmentsgrould be 5 converged at an
appropriate position to make a multifilanment. A quench chanmber was | ocated
in air gap between the nozzle and the first washing bath, so that the
filaments could be elongated at an uniformtenperature. The length of the
air gap was z3@ &fe Th&thideammnt $tueredl0 exticided i) amaaido 1@l i8RCwaEhe
takeup rate was 200 nimn., and the spinning elongation nultiplying factor

vas 30. The shikaBeNkhenee aRed ity el ahelitlady i (CaNaeREald Rl the

resi dual phosphoruds in the pol ybenzazole filanents reache O ppm or

| ess. The fi re.n raliz 5_w e | ytion for
10 seconds gk q%%%%é%%ﬁﬁFh%&%fgg%fggsﬁoagg%gﬁggiggﬁggg$ﬁgg %$%2%%€' or 3

m nutes. Then, .,the fil nts e nd qnt o_ bopbins. Si x pol ybenzazol e
filaments tﬁ&@lgﬁgé(i H@@qge?%d\g%/i gl\é\gtjv\?]% el 4t9 ET%EOEHF‘?otﬁéRe alZetwi st
yarn. Two s%ch t20 tmﬁsb garns @ﬁé@ S-wise twsted at 32T/10 cmto nake a
crude Cord. “TREM,-St A& cPUEE cf'd Ssibj ected to a two stage di ppi ng

t r eat ment tq make _a ﬁip cord. The first dipping treatnment was carri ed out
at 240C, usi'F§2BR18qudous dispersion of an epoxy resin, and the second 25
di pping treatnent was carried out at 235C, using a_RFL r 75 liquid. The
strength of the dPpachrdiRsPEshyNerehied z9ibs seFedoksd 60ed |@nf ik9)st rengt h
retention of as high as 76% under an atnosphere of high tenperature and

hi gh humi di bpVvipgorpadatindasicaipiseori)tys olindér d& /st pesmasteda ini tthegen gas,
4, 6di am nor esor ci nol di hydrochloride (334.5 g), terephthalic acid (260.8 Q)
and 1220 pobypkosphoeirc agciltt EXa078.e2 1gyarsereldsd O, @ -all cBQCroorS,3G-

m nutes. Then, the tenperature was gradually increased, so that the m xture
was rédct eddaeth@lt35C5dihdredinadlat] 2156€ :£2dr, 38 -ndunrs phrrtoati okaRGrfeor 20
hours. The resultant polynmer dope of poly(pphenyl enebenzobi soxazol e) had an
intrinsic vi(§éogi oy ,o0bnd0 tik/ giattud3@Cwashisth rwaes .medsured thytysithg a

met hanesul fonic acid solution. This polynmer dope (2.0 kg) was spun in the
15 sane nanseluasodesasi kpdnabyveheSiHo rpeloyhenmazole .fi ITareres iltust
obt ai ned were Z-wise twisted at 32T/10 cmto make a Z twi st yarn. Two such

Z twi st yarfisluwReats wese bwbSkedeal t32T L@ ooyl tiBlke a2 Gik@e cord. Then,
the crude cord was subjected to a two 20 stage di pping treatnment to make a

dip cord. They !ewtugiep@haghtiggﬁahm%i (%%Béisﬂdogb dg%% ;‘g& 38'5;@%?“%

aqueous di spersion of ‘an epoxy resin, ard the secon rea
carri €@ out «aho2396: tWgitNg anBFkclshdwisdarEnensimengt Ragfi et Re dip cord was

662 N. This dip 25 cord was inferior in strength retention of as |low as 59%
(Example 4)
Under a stream of a nitrogen gas, 4,6-diamino-
resorcinol dihydrochloride (334.5 g), terephthalic acid
(260.8 g), bisbenzimidazo[2,1-b:2',1'~ilbenzo[lmn][3,8]-
20 phenanthroline-8,17-dione (19.4 g) and 122% polyphosphoric
acid (2,078.2 g) were stirred at 60°C for 30 minutes. Then,
the temperature was gradually increased, so that the

mixture was reacted at 135°C for 20 hours, at 150°C for 5

hours, and at 170°C for 20 hours. The resultant polymer

25 dope of polyparaphenylenebenzobisoxazole had an intrinsic



. 76 under an atnosphere of high tenperature and high humdity, as conpared
with the dip cord of Exanple 33. (Exanple 34) Under a stream of a nitrogen
gas, 4,6 5 diam noresorcinol dihydrochloride (334.5 g), terephthalic acid
-(260.8 g) and 1220 pol yphosphoric acid (2,078.2 g) were stirred at 60C for
30 mnutes. Then, the tenperature was gragipal ly increased, so that the

m xture was reacted at 135C for 20 hours, at 150C for 5 hours and at 170C
for 20 10 hours. The resultant polyner dope of poly(p .
phenyl enebenzobi soxazol e) had an intrinsic viscosity of 30 dL/g at 30C
whi ch was measided dy 4sixg d%/ggetaftars%%el,f RRiEnaghd feLYLEER pIOULRLY a

pol ynmer dope (2.0 kg) was adde

29H, 31H pht haleerAiNalR(i% a2 LHQNL N3ZHGOPRRILd Wrs? shurl)in ik the

m xture was stirred. After that, the resultant solution was spun to nake

fil t i di t f ~ i f.. kL. i .
(11 anent o wrR S IRIERE A ekl bl e [ 1ot SNy tihads o of
180 ~m at a

spi_nni_ng .20 tenperature of 5C, and pushed into a first
washi g bat Ir ot i GHE i PR U & RRC CHEp SR st *E8uPH be
converged a app. riate position to nake ltifil nt. A .quench
chanberg‘S msk}%gata@@ri Cai gé“&p BT ttt?esl%n@%l eaﬁc?stlﬂgeaﬂtr sﬁl%é%erﬂtr“rb
bath, so that the 25 fil ts _could be elongated at an uniform
t enper at ure 3¢ T"%O’r’ﬁ‘e Hnei%?greofl ‘the air gap was 30 cm The filaments were
extruded in an air at 60C. The takeup rate was 200 mim n., and the spinning
el ongati on ﬁ@ﬁ@@@%ﬁ ﬁ@ factor was 30. The filanents were washed with water
until the concentration of 5 the residual phosphorus in the polybenzazol e
filanments reached6leg0@ Fimeem lodss MitE Agenag@®y s dwdrelipeitoal i zed with a
1o NaOH aqueous solution for 10 seconds and washed with water for 30
seconds, andegoiredngtl 206@drorchd ariidgt €34T Hery,) st He fedhdinentis weriel wound
onto bobbins. 10 Twel ve pol ybenzazole filaments thus obtained were tw sted
at 20T/01 m t(@6halte ga ,d@ibl, 8d H-wihdthalaay andviarteg (@ -f)i-Pe 8 N33, 0E2 deni er.
The doubled twi st yarns were woven with a rapier loomto nmake a plain weave
fabric whicltopper (19.4 g) and 122% polyphosphoric acid (2,078.2 g)

were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours, and at 170°C for
15 20 hours. The resultant polymer dope of polyparaphenylene-
benzobisoxazole had an intrinsic viscosity of 28 dL/g at
30°C, which was measured by using a methanesulfonic.acid
solution. This dope was spun in the same manner as
described above. The results of the storage test at high
20 temperature and high humidity (80°C and 80 RH%) and the
light exposure test of the resultant filaments are shown in
Table 1.
(Example 6)
Under a stream of a nitrogen gas, 4,6-diamino-

25 resorcinol dihydrochloride (334.5 g), terephthalic acid



. was filled with 17 warp yarns/inch and 17 weft yarns/inch. 15 The wei ght of
the fabric was 485 g/n2. The tensile strength of the fabric in the warp
direction was 620 kg/cm The decrease in the strength of the fabric under
. an atnosphere of high tenperature and high hunidity, and the decrease in
strength of the fabric which had been subjzected 20 to a |ight resistance
test were neasured. As a result, the strength retentions thereof were as
hi gh as 820 and 650, respectively. (Conparative Exanple 12) Under a stream
of a nitrogen gas, 4,6 25 diam noresorcinol dihydrochloride (334.5 g),
terephthal | 26078 @f'd$ﬁ§ggl§c93nﬁﬁg 226 ol yphogpheniic1aged (2, 078.2 g)
at "60C fo th

were stirre m nutes. Then, e tenperature was gradually
i ncreased, so.that the m xtur S agt 35C. 20, hpHss, 0oC
for 5 hour sSPAh¥PRPS 96%9?0?C§§ §§h8ﬂgs£ %ﬁegégéugg%%gé%o §n§?(§o%%go

pol y(p phenyl engbenzohj soxazol e) had Lptripsj j it dL at
30C, whi ch §u5%53ur£%e8y Eg?néegpﬁﬁgﬁgkgsﬁ%goh?%&gg?g§s%¥ﬁ?%%%ngh%g

pol ymer dope (2.0 kg) was spun in the sane er _as descri bed above. 10
Twel ve poIyb@ﬁﬁaﬁb?emf¥FHﬁﬁnW§stH%@CBﬁ@aﬁﬁeﬂggg?EFQEMéh HS20dt1 mto
make a doubled twi st yarn having a fineness of 3,000 denier. The doubl ed
twi st §arnsloei@ fmven Wursa aupialr 100% fe e N@USISai n TW€ave fabric
which was filled with 17 warp yarns/inch and 17 weft yarns/jnch. 15 The

wei ght of thestibernt RASYAOD gpﬁe.thEO%@ﬁérﬁehé?wéﬁaﬁﬁeeﬁObhéoﬁaﬁP#é in
the warp direction was 637 kg/cm The decrease in the strength of the
fabri c undehadnaat imsphesécofrihcghitgnpér a8udé/dndthB§iC huwi ek ywaaind t he
decrease in strength of the fabric which had been subjected 20 to a |ight
resi stance messuwedebgeasingda Methanesulfontiheasifdeagihtienent THAS t her eof
were 65% and 48% respectively, which were inferior to those of the fabric
of Exanpl e 34pe( Exanppban3ih thdesamesmeearrobsadastrohed ghoves, 6T

di am nor esorci nol di hydrochloride (334.5 g), terephthalic 79 acid (260.8
g) andol22%peliypbosphenkc sacirdge208%8. 2tghiver ¢esperneédrat aBAChfigh 30

m nutes. Then, the tenperature was gradually increased, so that the m xture

was reactednghib3e f(80°20ahQuEs, ra%) 1208 £10& 51?@Uréxp@§ugé 449€ bor 20 5
hours. The resultant polymer dope of poly(pphenyl enebenzobi soxazol e) had an

intrinsic vipeoskky10tn30 rdbbgeat s306e Whibeh was raeasuned by using a

met hanesul fonic acid solution. To this polynmer dope (2.0 kg) was added
29H,31H—phth@&g&¥§%inqte(Z-)-N29,N30,N31,N32 copper (15.2 10 g), and the
m xture was stirred.

Under a stream of a nitrogen gas, 4,6-diamino-

15 resorcinol dihydrochloride (334.5 g), terephthalic acid
(260.8 q), 5,12—dihydro—2,9—dimethquuino[2,3—b]acridine-
7,14-dione (19.4 g) and 122% polyphosphoric acid (2,078.2
g) were stirred at 60°C for 30 minutes. Then, the
temperafure was gradually increased, so that the mixture

20 was reacted at 135°C for 20 hours, at 150°C for 5 hours,
and at 170°C for 20 hours. The resultant polymer dope of
polyparaphenylenebenzobisoxazole had an intrinsic viscosity
of 24 dL/g at 30°C, which was measured by using a
methanesulfonic acid solution. This dope was spun in the

25 same manner as described above. The results of the storage



. After that, the resultant solution was spun to nmake filanments with
dianeters of 11.5 ~mand fineness of 1.5 denier. The filanents were
extruded from a nozzl e which had 166 holes with dianeters of 180 ~mat a

. Spinning 15 tenperature of 175C, and pushed into a first washi ng bath which
was di sposed so that the pushed filanentsisacould be converged at an
appropriate position to make a multifilament. A quench chanmber was | ocated
in air gap between the nozzle and the first washing bath, so that the 20
filaments could be elongated at an uniformtenperature. The length of the
air gap was C ne. fi r Xt E Hded e ai .gdhe takeup
rate was ZOBQ%Tng%.gggﬁdt%ﬂggg%ﬁﬁﬁgngngl%%ggtﬁgﬁﬂﬁngiéFS?%dggg;?gr was 30.
The filanmentse ed:with ntik+t c i

Fesi dual phoBhoris Tl hionel Shansaze ST Fl areare T80 Fenched 6 600 ppm
cr less. The fil t re.neytralized with a 1% NaOH aqueous sol ution for
10 seconds §ﬁ ﬁagﬁgdiﬁxﬁﬁg%gtgf for 30 seconds, and dried at 200C for 3

m nut es. The(\gk thz fh&anents wer e wound onto bobbins. 5 Twel ve

pol ybenzazol'&*f"Pafrerit s t hus obtai ned were twisted at 20T/1 mto neke a
doubl ed twi st yarn having ,a fineness_of 3, 000 denigr._ I,xt een_doubl ed tw st
yarns were brai dd89€8 ﬁagérﬁaﬁrQ'd? PHETBPEMd9REs i 8GAEEBA With an epoxy
resin and set hard, to thereby provide rod with a 10 dianeter of 2 nm
cont ai ni ng I6S9EFIPRE ﬁé@VﬁFo¢ﬁé°Hé@Peé§é4rg Bhe SEFER hagﬁctﬁglpod under
an atnosphere of high tenperature and _high hum dity was neasured. As a
resul t, the<§ﬁpeﬁg§%rr@ﬂggﬁﬂéﬁméﬂa?ﬁézrédeéé'éé"high as 860. 15

(Compar ative Exanple 13) Under a stream of a nitrogen gas,

4, 6di ani nor 83beoizrdlrgil HpdBdohearndareddnes 6gP-dienepHtRalti ¢)agrnd 266. 8 g)
and 1220 pol yphosphoric acid (2,078.2 g) were stirred at 60C for 30

m nut es. Thes)ybhespeoperatuie 2Q,0as .¢r gduakhy isndreasedt $6°Chavrt Be

m xture was reacted at 135C for 20 hours, at 150C for 5 hours and at 170C
for 2Qohour sinThesr.esThieant thel yeepedaparef wasl gippheitlvenelbeszsleids oxazol e)
had an intrinsic viscosity of 30 dL/g at 30C, which was neasured by using a
met hanesul f @Riag 250616 t8@kUiia@n rebite dpaly mersedoper (200hkgrsyastspun in

t he 81 sane manner as descri bed above. Twel ve pol ybenzazole filanments

t hus obt ai ngd ower et Wsshedrat 20d/ dtmyocaraker @ aauhlesd. twisd yarn having a
fineness of 3,000 denier. Sixteen doubled tw st yarns were 5 braided to

make a brai ¢esThe braipd 1vae H MRHRIBE @@ 1Widhh adh cRFDEN RSz AR X3l hkar d,
to thereby provide a rod with a diameter of 2 mm containing 160 of the

resin. The %%%r%ﬁfgﬁkﬁﬁkggff%ﬁgQ%%qt OEh%?r%EMgn%%r3%mcatgg§gﬂe%gsof hi gh

t enper at ure and y was neasure resuft, the strength

ret entji-on Ofm(eg%% epd bgfg)% Séﬁl? whinCh RS i ir A d hafiafi drhe red «of

Exanpl e 35. anpl e er a stream of a nitrogen gas,

4, 6di am nor rcinal _di rogh| orli , I I acGi 260. 8
g) and 122%%%%5%%55%@???%?@ (451%6%7&%%14‘15)% \%)ésr g{e;%tci%ﬁlre aa]tb%g(j)e?: fglrkg%f)

m nutes. Then,_ the t ratuyr S .ar.adual Ly jn %gﬁ . t i m xture
was reacted raetsuf Cofor%fo S#gﬁrra, éc%s%sgi olrgIhSCELeo rgﬁ%écn atar}%oé or 20
hours. The result.ant pol.yner dope pol v(p, 20, phenyl enebenzobi soxazol e)
had an intr@N@FéhJﬁ%dgg%gyaB? gg Bﬁ%é QPéSEE? %ﬁ?gﬁ ﬁé?oﬁﬁﬁgu?889b9%using a
nmet hanesul foni ¢ aci d soluti.an. Tq this pol yner, d (2..0 kg) was added

20H 314+ pht RAGGFRHHAE( 219 RS HGO B EAG dppdP (S5 2 o), "and the

m xture was stirred. 25 After that, the resultant solution was spun to nmake

82 fil&hent siBAWP I aheters of 11.5 ~mand fineness of 1.5 denier. The

filaments were extruded froma nozzle which o
Under a stream of a nitrogen gas, 4,6-diamino-

resorcinol dihydrochloride (334.5 g), terephthalic acid
(260.8 g), 2,9-bis(p-methoxybenzyl)anthra(2,1,9-def:6,5,10-
d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetrone (19.4 g) and

25 122¢% polyphosphoric acid (2,078.2 g) were stirred at 60°C



. ltad 166 holes with dianeters of 180 ~mat a spinning tenperature of 175C,
and pushed into a first washing bath 5 which was di sposed so that the
pushed filanments coul d be converged at an appropriate position to nmake a
-multifilanment. A quench chanber was |ocated in air gap between the nozzle
and the first washing bath, so that the f4fanents could be el ongated at an
uni formtenperature. 10 The length of the air gap was 30 cm The filanments
were extruded in an air at 60C. The takeup rate was 200 mmin., and the
spinning elongation nultiplying factor was 30. The filanents were washed
with water uid 30 helreoreant rMmddmn e thenpeasitdual Wwitogpheruss iy the

pol ybenzazol e filanents 15 reached 6,000 ppmor |ess. The filanments were

neut ral i zed iR clo NOHLAGUSAS QLN L0 L0 e onds 2 ypshod wi th

wat er for 30 secon and drle at 200C for 3 minutes. Then, the anent s

were wound gl%‘%sbo%' %00 Eh%oﬁuéaﬁbg'réy Edt he ﬁbba@‘af‘éf é@%?\gpé ai ned was

20 eval uated i n t'he sane est éd "abov

strength retgntiQn &Q%r%QE o hggg) Qﬁﬁﬂ¥%} %gggﬁﬁ;e éﬁﬁﬁh Aand 90@6|n

the storage test un an“at |gh hunldlty
Conparati v 5 Under a strean1of a ni en ,
o o L o ﬁdﬁazaﬁﬁycﬁzaéﬁmnoﬁn&eﬂ(lﬁ& bt i bR (3966 aoa)

d 122% | h h 0 60C
o ag B kR B e At P LRl MRS S Fatt tane ur e

was reacted 5 C for 20 hqurs, at 150C for 5 hours an 70C for 20
hours. The g’slﬁ’l td:é}Pﬁ’(e BEISy P I T SAMR FRRERA é‘r?e 51%36‘& %®- had an
intrinsic viscosity of 30 dL/g at 30C, which was neasured by usi ng a

met hanesul f dficc T&SUd tSoloft |t6‘r? STHRTE 9501 4R adope A0 TEMRPr AL SR i n t he

10 sanme manner as descri bed above. The durability of the filaments thus
obt ai ned wadigalhuatied tivn t898Csand AANRER) asndesbei bédhabevposnseateesul t,
the strength retention thereof was 75%in the |ight exposure test, and 37%
i n t hd Ost or &fe thestragwddranan 15 aatemdsplaaree sdfown g tTedpder dt.ure and hi gh
hum dity, which were inferior to those of the filanments of Exanple 36.
(Exanpl e 37)(E¥aderlea 1$t)ir eam of a nitrogen gas, 4, 6di am noresorci nol

di hydrochloride (334.5 g), terephthalic 20 acid (260.8 g) and 1220

pol yphosphori c adindie2 208 r2ag) oferae nsittimagech atas60@,feordizhimorut es. Then,
the tenperature was gradually increased, so that the m xture was reacted at
135C for 20 re@urs,inatl HBOQ@drarcE drdudtes (@3d &t §)70QC draphzth Hdur sscithe

resul tant pol ymer dope of poly(p 25 phenyl enebenzobi soxazol e) had an
intrinsic vi@esist y)of 53Q2-dh ydHrognanadRqC,3 Wizt WS grgIur-etd die using a
met hanesul fonic acid solution. To this polynmer dope (2.0 kg) was added

29H, 3114 pht halooay ay)i ratce (122 N2y NIb N2 Lapper, (b .2 @), Wk the

m xture was stirred. After that, the resultant 5 sol'ution was spun in the

sane manner Qs ,4escriibedoabe 'E 3 glh’éﬁ%t antppgl yh EQZ@g%grglthége

cont ai ni ng the pignent were to make a yar n having a total genl er of

1,500. Such yalfs 1987 e.m‘&%%ste%l,nes]ﬁ)e 3 3C B Tl @G- M reacted at
135°C for 20 hours, at 150°C for 5 hours, and at 170°C for
20 hours. The resultant polymer dope of

20 polyparaphenylenebenzobisoxazole had an intrinsic viscosity

of 26 dL/g at 30°C, which was measured by using a
methanesulfonic acid solution. This dope was spun in the
same manner as described above. The results of the storage
test at high temperature and high humidity (80°C and 80

25 RH%) and the light exposure test of the resultant filaments



. 5 warp yarns/inch and 5 weft yarns/inch. This scrimwas 10 sandw ched

bet ween biaxially stretched polyester filnms with thickness of 12 mcrons to
whi ch a pol yur et hane adhesive was applied, and the resultant |am nation was
. dried and set hard. Thus, a sail cloth weighing 320 g/ n2 was obtained. This
sail cloth was cut to obtain a cloth striggwith a 15 wdth of 2.5 cmand a
| ength of 50 cm which included five reinforcing filanments therein. This
cloth strip was subjected to a storage test under an atnosphere of high
tenperature and high humdity and to a |ight exposure test. The results are
shown in TaBke 4no%f (ExaaBhe 38) _ _

Bi sbenzi m dazo[ 2, 1-b:2',1" -i] benzo[1m][ 3, 8] phenathroline-8,17-dione (15.2
g) was addqu&gmglgogq)(Z.O kg) of pol y(p-phenyl enebenzobi soxazol e) havi ng
an intrinsic viscosity of 29 dL/g prepared in the sane manner as in 25
Example 37, and {RALM X1 UFeoURS % b hedrobBENgakhes, cB8ihgublant sol ution
was spun in the sane nanner as descri eg bovg. The'resul'tant pol ybenzazol e
filaments caqntaini t [ t r |l ed to Kk [ .a tota
denier 5 of f??%g%ﬁgéc??9§9%§%%é9§%8§e3%?§'ﬁaﬁl gggcﬁfﬁf¥?ﬁﬁg g&ﬁ?%l war p
yarns/i_nch 5.weft yarns/inch. Thi,s.,scriimwas_sandw che t n

bi axi aPl'y S?Eg?cﬁea)p8%§8sﬁgge%iFﬁsq%?fhpfﬁyggﬁgggogﬁclfc%gcthg%sd5which a
pol yur et hane adhesive was applied, and the resultant |am nation was dried
and set 10 Hardanghibe Bigiurechashskeirdhidngt3a®0 g/ fer wa BbRAFARd. This
sail cloth was cut to obtain a cloth strip with a width of 2.5 cmand a

| ength of 5@hery whiheh tERBEGAEHTE Ve S §tafitedilng IACreRshts tRel 8RN, Thfi s
cloth strip was subjected to a storage test under an atnosphere of high 15
t enper at ur emamd ultiegWalsumredicttpdaad t1@08C| Fght 3ekpbsure, t @5t 13Fie faswdds are
shown in Table 4. (Exanple 39)

9, 19- Di chl ohouss}5adidety155°25£dr h§dhodisndl Bp2fBe: eesBlitahtrpphepvdioxazi
ne (15.2 g) was added to a dope 20 (2.0 kg) of

pol y( pOphenybpre bereobidsedazelrephtinvilig aaidnt(Si.hsige winslc esidiypefrs2endL/ g
prepared in the sane manner as in Exanple 37, and the m xture was stirred.
Then, the regublantlsephthel owysnimart e (12 -t) Fel29a s Onditdie N32s cdeper bed
above. 25 The resultant pol ybenzazole filaments containing the 86 pi gnent
wer e doubl ed1toq2make ia yams haviyphodphotrdlc derider(7df. 41, 9500. THecmiyaurse wer e
used to nmake a scrimfilled with 5 warp yarns/inch and 5 weft yarns/inch.

This scrimvyag sandweehed hetoweenrbsaxbakhyastir gichede@otyest @ndutsys with
5 thickness of 12 microns to which a pol yurethane adhesi ve was applied, and

the resul t ant, ol 3EsNALR YRS Hdrediopd oxet hard. Thus, a sail cloth
wei ghing 320 g/ n2 was obtained. This sail cloth was cut to obtain a cloth

stripwth 8wl oA SRS o il SRR 1&f Rl GR Whiteh dand udedddivs, 10

reinforcing filaments therein. This cloth strip was
of 26 dL/g at 30°C, which was measured by using a

methanesulfonic acid solution. This dope was spun in the
same manner as described above. The results of the storage
test at high temperature and high humidity (80°C and 80

20 RH%) and the light exposure test of the resultant filaments
are shown in Table 1.
(Example 12)

Under a stream of a nitrogen gas, 4,6-diamino-

resorcinol dihydrochloride (334.5 g) and terephthalic acid

25 (252.7 g) were added to 122% polyphosphoric acid (2,165.5



. Subjected to a storage test under an atnosphere of high tenperature and

high humdity and to a |ight exposure test. The results are shown in Table

4. (Exanple 40) 15 Under a streamof a nitrogen gas, 4,6 di am noresorcino

. di hydrochloride (334.5 g), terephthalic acid (260.8 g),

5, 12-di hydr o- 2, 9-di nmet hyl qui no[ 2, 3 b] acrigi ne-7, 14-dione (19.4 g) and 122%

pol yphosphoric acid (2,078.2 g) were stirred at 60C for 30 m nutes. Then,

the 20 tenperature was gradually increased, so that the m xture was reacted

at 135C for 20 hours, at 150C for 5 hours and at 170C for 20 hours. The

resultant pqly d 3 p phet eben LS z hagk intrinsic

Vi scosity 0§522§éﬁlgﬂgtﬁgégﬁkéh?é% §22¥%§§58?eggg§ ﬁ§?635§“25 &

met hanesul T aplf aghd sohyLbQeurIhl8sPELYERL,80PenaSSBUN soBEnki the same
ed above. il

manner as describ he resultant polybenzazole anents contai ni ng

t he pignment were doubled to ke, a_.yag avi ng total denjer,of . 1 0.
Such yarns Ref uE@eHaForﬁﬁEEga EErfL%ngf(glg%ﬁ %?ﬂl%u%sm? n%/g gg/ﬁ'or‘Fc%%and 5
weft yarns/inch. This scrimywas_sandw ched between biaxially stretched
pol yest er fRPHESw BRt RFckrEss BFT 12 Beerdns 19 9%?c%e%U€B?%Er%{h% er
adhesi ve was applied, and the resultﬁnt Ianinahign Yas arie .and set hard.
Thus, & sai FOBPoVR*RePGARAgtS56PGFRE 1h&s26BFaiRed. 9102%Ri 8 SAPPEEPIPR was
cut to obtain a cloth strip with a width of 2.5 cmand_a |l ength of 50 cm
whi ch i ncl uB&dbiphenzémarareildglrPr amedt 51t ReFEPA LM RAILS 815t h strip was
subjected to a storage test under an atnosphere of high_tenperature and
hi gh huni di Pheaadhrelaner§nt 7edposar d1Pesdt 9) 15nThE SpeBALYRRRERNEKSRN i n
Tabl e 4. (Conparative Exanple 15) Under a stream of a nitrogen gas,
4, 6di am nor esadci(fidl. 4dghydr dokl oaikdere384s5rghctedr ephflAafi foach dh¢69. 8 Q)
and 1220 pol yphosphoric acid (2,078.2 g) 20 were stirred at 60C for 30
m nutes. Thend the206Ppefat ur@ nesrgl adiiad| yesutt #asedol goet hddbps hef m xt ur e
was reacted at 135C for 20 hours, at 150C for 5 hours and at 170C for 20
hour s10The pesybhaabhpalyereebdapebikogalzy(pphady beneébeémiabiisoxazsabe) tiyad an
intrinsic viscosity of 30 25 dL/g at 30C, which was neasured by using a
net hanesul f gri g 388 gaei-d3set UtWRDch ThhS REhyAREddEPEus2ng Kg) Was spun in
t he sane manner as deéscri bed above. The resultant pol ybenzazole filanments
wer e doubl edet-0aBKE 1&oNAEN kAW BG1atiehal denisedopk Ha%0B8puhudh yarens 5
were used to make a scrimfilled with 5 warp yarns/inch and 5 weft
yarns/inch. sThieSmaghel Was qeakewbeliedpbetweenni aeisalllty sir ehehedopelgeest er
films with thickness of 12 microns to which a pol yurethane adhesi ve was
applied, an e_resylta i i.0 Nol A t, shard hyg, a 10
debie tenll g%ﬁn%%@a'%%tre 30005, 18 lndRd 32l Bt dandiE.

sail cloth weighing was obt ai ne is sail "cloth was cut to

f’ﬁtcfiu £ ]‘3: 32{'% r)ZIEa%' P ;:‘g(:ehﬁighl‘@ %&%o%r%- 2P 31 R eRYLN ok 5 1 Mreirch
g filaments
are shown in Table 1.
(Example 13)
Under a stream of a nitrogen gas, 2,4-diamino-

resorcinol hydrochloride (334.5 g) and terephthalic acid

20 (252.7 g) were added to 122% polyphosphoric acid (2,165.5
g), and the mixture was stirred at 60°C for 30 minutes.
Then, the temperature was_gradually increased, so that the
mixture was reacted at 120°C for 3.5 hours, at 135°C for 20

hours, and at 150°C for 5 hours. To the resultant oligomer

25 dope were added a dispersion of terephthalic acid (5.6 g)



. therein. This cloth strip was subjected to a storage test under an

at nosphere of high tenperature and high humdity 15 and to a |ight exposure
test. The results are shown in Table 4. As is apparent fromthe results

. shown in Table 4, it is known that the sail cloths conprising the

pol ybenzazol e fil anents of Exanple 37 to0440 are very high in strength 20
retention after exposed to the atnospheres of high tenperature and high
hum dity and to the light irradiation, as conpared with the sail cloth of
Conpar ati ve Exanple 15. (Exanple 41) Under a streamof a nitrogen gas, 4,6
25 di am nor kD i i de; 43 540 ephihabd 51 089%aci d
(260. 8 g) aﬁ%og§§6q%%?§%%%§%%€%?% %ﬁ%% ?§?0%8%E %?amﬁ?% %%irred at 60C for

30 minutes.,Then, tF er af L ' sed; 50 that the

m xture mas3T2ac{g%H§ Eﬁggcif%Eégﬁxﬁgﬁgé?gggﬁg%%£§?%?§5§hghfs and at 170C
for 20 5 hours. The resultant. polyner do ; 9
poly(ppheny?%ﬁﬁﬁ%%g%ﬁ B éﬁ%?%ﬁg%%% %ng?%fr?%%i% %}s%%s%%§°of 30 dL/g at
S A e e S QY B 07 8. BRE PN L R0k CuPE! dasObubleBy o 1N s
29H, 31H pht hal ocyani nat e( 2-) - N29, N30, N31, N32 copper (15.2 10 g), .and the

m xtur® wasl®ef rf%/Céﬁﬁ Arqwrs tand |2t MO Esdioradl $OMES-on ThEs T§FW HeR Y he
same nmanner as descri bed above. The strength retention of the resultant

pol ybenzazobel e andepe HAi eAluBarpRRANELEPEREREACPSSAXaEBt8gR2tedP under an
at nosphere of high tenperature and high humdity was 90% 15 Twel ve
poIybenzazoiﬁtfihahenV$stha$tpboﬁiaéddhégeathQ%éd whigoT™as tieeaskieed

doubl ed twist yarn with a thickness of 3,000 denier. Ei ght doubled tw st
yarns thus bptashed aemetbenedetifontih acédnsenttdnnl bFhidi AgPRabAFne to
make a rope. The strength retention of the rope which 20 had been subjected
to a storageptiesinuhbder sameamansphere deshighetieapervat ur Ehanderilghishadi dity
was 81% which was decreased by only 9% as conpared with the strength
retentgpon ofththetpekybenzazobhe hibamesmpeunstdrasanbHehighehimlidi®li s rope
was further subjected to a |light 25 exposure test. As a result, the

strengt h refgpid ofh@f g NGz ) %hd OpSe Whi Gt hagbbeere exposeds tendi ght for 100
hours was as high as 800. (Exanple 42)

Bi sbenzi m dagg;2¢:4nk: 211AnehlBenze[ 4rBlh318] Faphenant hrol i ne- 8, 17-di one
(15.2 g) was added to a dope (2.0 kg) of poly(p-phenyl enebenzobi soxazol e)
havi ng an iqgggﬂﬁhg yihscosity of 29 dL/g, prepared in the same manner as in
Exanpl e 41, and the m xture was stirred. Then, the resultant solution was
spun in the same;aganer, @?r@%ﬁcb'fb%dn&@r%@%}ﬁega-gbe25,t4"—@'19§nhnbetent| on of
the resultant filanments after subjected to a Storage test under an

at mospher e fgsp;&,%fﬂneﬁm%%wm o@@.@ehg@@ shumigdi ty RS 861 i FvalMe

pol ybénzazo anents-thus obtained were twisted at 80T/ mto make a

doubl ed t Wi b cganh 111,36l hALEKIRAS & RO AN and B edoubl ed Tui st

yarns thus wer é “br a conventional” 'braiding machine to

make a rope. The_ strength retentio f .the rope whi.ch had been _.subjected to
a storage t &t YRRASPLRA 14t ﬁﬁ&ﬁhé@e%(#‘ﬁ' c}ﬁ &thSe PAtaRE Shid ﬁei%gﬁ ﬁahl glbty

was 76% which was 20 _decreased by only 100, as conpared with the strength
retenti on of*f{éeSol ygg’r‘?f’azgl fti%ﬁ’r%ﬁt%élrﬁséﬁsagrt élar%‘étyerﬁnéﬁ?ea(sﬁd;nﬁ%e 43)
9,19-Dichl oro-5, 15-di et hyl -5, 15-di hydrodi i ndl o[ 2, 3 25
c:2', 3" -n]t Ehghetbd BAuTe (WBS XegChrgs afddetP tofardépelouss s (2to kg) of
pol y( p- phenyl enebenzobi soxazol €) havi ng an

20 150°C for 5 hours, and at 170°C for 20 hours. The

resultant polYmer dope of polyparaphenylenebenzobisoxazole
had an intrinsic viscosity of 26 dL/g at 30°C, which was
measured by using a methanesulfonic acid solution. This
dope was spun in the same manner as described above. The

25 results of the storage test at high temperature and high



. tntrinsic viscosity of 29 dL/g, prepared in the same manner as in Exanple
41, and the m xture was stirred. Then, the resultant solution was spun in
t he sane manner as described 5 above. The strength retention of the
, resultant filaments after subjected to a storage test under an atnobsphere
of high tenperature and high humdity wag9850. Twel ve pol ybenzazol e
filaments thus obtained were twisted at 80T/ mto nmake a doubled tw st yarn
with a 10 thickness of 3,000 denier. Eight doubled tw st yarns thus
obt ai ned were braided with a conventional braiding machine to nake a rope.

The strengt,h retenti [ ' Q¥ﬁ%3t Or age
test under Ty lrr%épﬁ%?? #%i%oﬁ%t%e%ﬁggr g{ BE?% gﬁﬂfﬁépﬁum I tt%s\?cvaZJ 730,
whi ch was 15 decre Ye O % r i the strength retention
of the poIy%gﬁz%é%ﬁiﬁ%%¢zﬁﬁ}%%é%€%/ €§ %ﬁ%wﬁﬁfgr?%%fe(Ekanple 44) Under a
stream of aH§%trogen%ggs, 4,6 20 di am noresorcinol dihydrochloride (334.5
gi, tgggpht7 1i$p.%i (58048 q), g,ig-zdihylero;]2,9hdi.mathy!guigo([)zég&2 )

acri dine-7, 14-di one : a 0_pol yphosphgric  aci 2 8.2 ¢
were stirred at é&é%?cé 36" HF AU Bs? %%Eﬁgg?%eg?%hp%T%t%%%mh%é bf%dually
increased, so that the m xture 25 was re d. at 135 or 20 hours, at 150C
for 5 hour sPapgenegrlel qy@t@?%?h%®rh%%rzgggh% gésﬁ?%%%?r P?%%rlﬂope of
pol ypar aphenyl enebenzobi soxazol e had an intrinsic viscositg of 24 dL/g at
30C, whi ch @@sd mEasr edd bywese ngdde et hahedtl POAYRDAEPACELFURFHA. This
pol ymer dope was spun 5 in the same nmanner as described above. The strength
retention of21hésSresqgl t amtdpohybehzazoeewds| apbnredwat chOHad deed subj ect ed
to a storage test under an atnosphere of high tenperature and high humdity
was 850. Tweiwetesl ybEngazotkeftémpensturaugasbguidedl Wer engoeafedt edoat
80T/ mto make a doubled twist yarn with a thickness of 3,000 denier. Eight
doubl ed twi shayaths hhusupbtabpedesetedbasi dedean tdr a3 coHrivents onat brai di ng
machi ne to nake a rope. The strength retention of the rope which had been
subj ecped to3geStay A0 tRsir4NdAHd at at swspheire soholir shi giTd emper at ure and
high humdity was 76% which was decreased by only 9% as conpared with the
strength retestieanefolhgopetybepeaneke hibadentsepseHadsct heidat(érial .
(Conparative Exanple 16) 20 Under a streamof a nitrogen gas,
416d'a”‘”0r§§05ﬁ5n9|dgéﬁ¥9596H|@E'Q@H(33ﬂr§hﬂhalb@p§ﬁhhbabuQ—aGNd9(260.8 9)
and 1220 polyphosphoric acid (2,078.2 g) were stirred at 60C for 30
mnutes. Thgae, (B¢, f1gPEsBbELE (WaS0oghRdyal hY6%”96@9ﬁﬁgsp§@r'&€ahcﬁﬁe m xture
was reacted at 25 135C for 20 hours, "at 150C for 5 hours and at 170C for 20
93 hours. The,resultan o] ope_o p.ph bepepenzobi sox | e)

1541 85Y) &hgy}%g@gag obss LeRgtutpapheny: ensbenzobl soxaz!

had an intri'nsic $cosi i ch was neasured by using a
et hangsul f gni 6,6 d; $01 41190 ¢ Thi 1, POLYIBY « 4P Prfe b WhoBSoEPUN 1 1 Lhe
polyparaphenylenebenzobisthiazole had an intrinsic

viscosity of 26 dL/g at 30°C, which was measured by using a

methanesulfonic acid solution. This dope was spun in the

same manner as described above. The results of the storage
20 test at high temperature and high humidity (80°C and 80

RH%) and the light exposure test of the resultant filaments

are shown in Table 1.

(Example 16)

Under a stream of a nitrogen gas, 3-amino-4-

25 hydroxybenzoic acid (300.0 g) and 29H, 31H-



» 5 sanme manner as descri bed above. The strength retention of the resultant
pol ybenzazol e filaments whi ch had been subjected to a storage test under an
at nrosphere of high tenperature and high humdity was 750. Twel ve

- pol ybenzazol e filaments thus obtained were 10 twi sted at 80T/ mto nmake a
doubled twist yarn wwth a thickness of 3,90 denier. Ei ght doubled tw st
yarns thus obtained were braided with a conventional braiding nachine to
make a rope. The strength retention of the rope which had been subjected to
a storage test under an atmosphere of 15 high tenperature and high humdity
was 500, m'p%&h}éﬁ%c?/%@ﬁ%%st%q 2y %@ d, a3ae 33 ,2BY% Rpreenared wht hdhe
strength retention (750) of the polybenzazole filanments used as the
material . |t s KRowfir s fact & aidd 1y @@f the filaments
mar kedl y decreaseg dgg Pg thJggﬁhge i29%6£$ﬁggﬁgur§% o% the manufacturing
of the rope he.r fur.ther,subjected to,.a.light exposure test for
100 hours. Eg-ig%r}lg%%ﬁtoﬁtschg%étdr ggggts]riwr gﬁer‘#ﬁdor?lgj N gorrglﬁe%\ﬁglstaé)é%éeMi ch

was far |ower than that of the rope of Exanple 41. The results are _
summari zed ' %Fafle BRdadhss “h‘ﬁiﬁ%\fr@ntwazﬁs Frigmhefafte ©0°G (£ Fn AR t he

hi gh strength fib 94 ropes conprising t al ybenzazole fil anments of
Bl Gs. 43 TP Na thiy & S0HEY BEGR. SBre PR Paieh e Sortr S8k S ¢ he
at nospheres of high tenperatures and high humdity, as conpared with the
rope of Conpa#atirGe WEgaslesteg at (R¥aApfer48) SUreBESa §FPE§5?%fo¥rﬁQrogen
gas, 4, 6di am noresorcinol dihydrochloride (334.5 g), terephthalic acid
(260.8 g) ahdurz2¥%@pollydResphor bchavrd, (2E0¥80C ghomey ehani s rad aat 60C f or
30 mnutes. Then, the tenperature 10 was gradually increased, so that the

m Xt ure was 20838Ct Edrap N8BE€sf or TR hesnstanmt pS5OCmEnr dbphoufs and at 170C
for 20 hours. The resultant polyner dope of poly(pphenyl enebenzobi soxazol e)
had an i ntripedivbevizoxegiotly dfad3@ndlig ramns3@Cyv iwriosh twa® fmd@s Wiled Bt usi ng a
met hanesul fonic 15 acid solution. To this polyner dope (2.0 kg) was added
29H, 31l- pht BaFocyani oAt @& 2- he AROr8B0LN3Ls N3 gofpenandbu2fenicanditihe

m xture was stirred. , After that, the resultant solution was spun to
obtain fil ameitsivnt.h dhdretdere ofislEpmn-rmnante israresmnoferl.ds 20 deni er.
The filanents were extruded froma nozzle which had 166 holes with

di amet ers oldek3Q ib@databa vepi NIThRY reemnersatod ehef JdtérGgeandpushediigh o a
first washing bath which was di sposed so that the pushed filanents coul d be

conver ged at- -3 -3RRLRN 3le HRes s o t Rfib b agpAt quench
chanber mastfoggtgdhin thgirggapbﬁﬁgﬁQggﬁ§§E% %ﬁgnggz§ﬁeba%§atﬁgéfirst

washi ng bat h,; _?%Q hab st fdsangit $heowd he #ltorgated rdts 3 URHRHMin

tenperature. The length of the air gap was 30 cm The filaments were

extruded i ntapiai r at 60C. The takeup rate was 200 mmn., 5 and the

spi nning elongation multiplying factor was 30. The filaments were washed
w th water q@&i q@elgqncentration of the residual phosphorus in the

pol ybenzazol e filanents

Under a stream of a nitrogen gas, 3-amino-4-
hydroxybenzoic acid (300.0 g) and phthalocyanine green.
(12.1 g) were added to polyphosphoric acid prepared from
20 116% polyphosphoric acid (787.0 g) and diphosphorus
pentaoxide (263 g), and the mixture was stirred at 60°C for
30 minutes. Then, the temperature was gradually increased,
so that the mixture was reacted at 120°C for 3.5 hours, at
135°C for 20 hours, at 150°C for 5 hours, at 170°C for 5

25 hours and at 200°C for 5 hours. The resultant polymer dope



« r'reached 6,000 ppmor |ess. The filanments were neutralized with a 1o NaCH
aqueous solution for 10 seconds and washed 10 with water for 30 seconds,
and dried at 200C for 3 mnutes. Then, the filanments were wound onto

- bobbi ns. The resultant pol ybenzazole filanment yarns were woven with a
rapier loomto make a plain weave fabric g§11led with 30 warp yarns/25 mm
and 30 weft yarns/25 mm The weight of 15 the fabric was 136 g/ nR2. The
tensile strength of the fabric in the warp direction was 2,670 NN3 cm The
decrease in the strength of the fabric under an atnosphere of high

t enper at ur e o@ngohiveie neiadioti ik, harkd ahhe ndeanease viikdoe tst lanatih af/ 4 he
fabric which had been subjected to a 20 |ight exposure test were neasured.

As a result ;nbhe ot h.r L.ons,.of . .the fabrj i gh 81% and
25 high as S8op" r BLERPNTS SLEREORTL0, uLtig 2 BEEntEL ST EeRt 8BRS
ni trogen ga 5 dirami.naresor ci.n i hydrechl.ari.d .99,

t er epht hal i %’01652%’& d@?gogé’%) (”%ﬁd%%é‘g%q%‘mt&%hgsE)“ﬁo?}a%%% g‘s( 2.078.2 g)
were stirre f m put es. , the te rat ur s _qgradual ly

i ncreased, g8§% gggghg%ﬁﬁgfurgﬁﬁagefégggeg%aﬁthgﬁsfgg 2 eﬁouﬁs,%éﬁ 50C
for 5 hours and at 170C for 20 5 hours. The resultant goL mer doge of
poIy(pghenyF@W@Séﬁf&ﬁﬁséﬁngPQP B84 BYnt(PiOnsi @ndi 8EoBFEY BRA3BNEL/ g at
30C, which ﬁas measur ed by using a ﬁgthaneiulfonic acid solution. This

pol ymer dopel@BLoRgPSHaS &psh P the Latdlianted 1d8mgedsr fE&d Shpeve 1Mo
The resul tant pol ybenzazole filanment yarns were woven with a rapier loomto
make a pl ai A2Ré&veé - fabric filled with 60 warp yarns/25 nm and 60 weft
yarns/ 25 mm The wei ght of the fabric was 138 g/ n2. The tensile strength of
the fabric i(BXeR®lRar§)direction was 2,810 N3 cm The 15 decrease in the
strength of the fabric under an atnosphere of high tenperature and high
humi dity, and t h&ndégr aaséreant R &t hégrlgesf Jeise Balamiciomdich had been
subjected to a |light exposure test were neasured. As a result, the strength
r et entlilons bf/drhavbabrziod cwerce d63808nd 470 an20 biedbpectimiclago Bhileh were
inferior to the results of the fabric of Exanple 45. (Exanpl-e 46) Under a
st ream of abnit'y dden ] paszo4 16di]dB3i, 80 peeanaithalo 1dnky-dr, dGRlddrinde (1234. B)g) ,
terephthalic 25 acid (260.8 g) and 1220 pol yphosphoric acid (2,078.2 Q)

97 were stiweed atdedCtbopol@phiorphesicThend phepkerpertatowr @ 1was gradual |y
increased, so that the m xture was reacted at 135C for 20 hours, at 150C
for 5 hourspangpabspheeitorca@ haarso he ahes dlipabls pRelryike kb ctepe xaliapol y(p
5 phenyl enebenzobi soxazol e) had an intrinsic viscosity of 30 dL/g at 30C,
whi ch was m@%@rgd,bﬁnas'tm fiTRRANGSY QNG ACI L Sflodl 107 380 rfififes,

pol ymer dope (2.0 kg) was added

29H, 31i4- pht I‘Jrﬁbg(;y@wen%ﬁ\g%rbtu%%, W3R, YBLaN3E 160BRercbbed? @b ARG he

m xture was stirred. fter that, the resulfant solution was spun to

obtain fila i di .S .aof od zFMm.apd:f] ss_of i The

filaments mggg%§§%;h§gdr?g§%?g ﬁgz%%é éh?@ﬁ a% §§§9§¢|a§ %%?%:gﬁg%e %rs of

180 -mat a,3giani ng hegper ALure EuLISCcapdoRushgd QA Tligt,pashing
200°C for 5 hours. The resultant polymer dope of

polybenzoxazole had an intrinsic viscosity of 10 dL/g at

20 30°C, which was measured by using a methanesulfonic acid
solution. This dope was spun in the same manner as
described above. The results of the storage test at high
temperature and high humidity (80°C and 80 RH%) and the
light exposure test of the resultant filaments are shown in

25 Table 1.



. I5 which was di sposed so that the pushed filanents could be converged at an
appropriate position to make a multifilanent. A quench chanber was | ocated
in an air gap between the nozzle and the first washing bath, so that the

. filanments could be el ongated at an uniformtenperature. 20 The | engt h of
the air gap was 30 cm The filanments weresextruded in an air at 60C. The
takeup rate was 200 nimn., and the spinning elongation nultiplying factor
was 30. The filanments were washed with water until the concentration of the
resi dual phosphorus in the pol ybenzazole filanments 25 reached 6,000 ppm or

| ess. The filmn@phie wene neutralized 98 with a to NaCH aqueous sol ution
for 10 seconds and washed with water for 30 seconds, and dried at 200C for

3 mnutes. Then, g i arenl; va%r%d\?@%bug%@% %agob%* N8-q1 A RYRNZAZOl €

filanments thus obtalne wer e doubl e t° not” t i st’ed, to nmake a yarn with
a thickness t The V,ar thu r en | [ apier
|l oomto makéﬂayp %C(rgll\%)ééve féltéf;al c@sﬂ | 1% éjo tst?eg‘&lﬁrd%z\&g\réﬁsq/ :gng} gLnd 30
weft yarns/i,nch. T i.ght,.of the fabri.c was 1.35,.9/ n2., The tensile
Strengtn of RETVRIE T - FO AR AT o PSSt THETS. #00 N S The
decrease in the tren f the fabric under an at of high

t enper at ure @ dﬁ F%& oﬁfho§ﬁ§ 5 W EGEPRLES ﬁqgﬂgq§ﬁ¥ength of the
fabric which Qad been su j ected to a Ilqht exposure test were neasured. As
a result, tROLYPROSEIRTES B&icht(’8rs Oofd’t RE SN ShECE Us HFNgR3< 1o and
as high as 64% respectlvely. (Conpar ative Exanple 18) Under a stream of a
ni t rogen gad264, &diradingbridsortixtolr alivaaradcit mad det (884, Fog) 34 eriepiitdsal i ¢
20 acid (260.8 g) and 122% pol yphosphoric acid (2,078.2 g) were stirred at
60C for 30 rhel esheThempetriad Urenpesatdnaslusdd Ygriadursldsed, necedded, tdhe t hat
the m xture was reacted at 135C for 20 hours, at 150C for 5 hours and at
170C for 20misinse Whae resdticantatpalaoser fdepe 6f hpaoky(pal5135°C for 20
phenyl enebenzobi soxazol e) had an intrinsic viscosity of 30 99 dL/g at
30C, whi ch wasirEgasur eboby @6kng Botekhanesubbemi £oach cheotsitdod. aghi s

pol ynmer dope (2.0 kg) was spun in the same manner as described above. Two
pol ybenzazolzeoPtl agentsnblius . obtaknedsweeandopbl ofle® BYbengt twi sted, to
make a yarn with a thickness of 555 dtex. The yarns thus obtained were
woven Wi th a&dlapietlzdiadmaze Irbkeda apl dint nieave fakidos ifdy loed andly BQwwar p
yarns/inch and 30 weft yarns/inch. The weight of the fabric was 133 g/ n2.

The tens'|e3%bﬁengﬁbc9fwégemE§9Ek ?'BKQQFEES ﬁﬂﬁg dhhecth eBn\WRS 424 440 N 3

cm The decrease in fhe strengt Fic un er an at nosphere of high

tenperat ure ane thicgh huidi s AN o @%Lgleqrne%% I GaSHEN YN of the
fabric which had been subjected to a I'ight exposure test were neasured. As

?egeSlilSt t R s3LieRet Rl er et anld ong aft & he falri 's(:tovﬁ%ﬁg% Yoang #17(@1
pectively, which were inferior to the results of the fabric o anpl e
46. 100 T%%%%e%ature and high humidity (80°C and 80 RH%) and the
light exposure test of the resultant filaments are shown in
Table 1,
(Comparative Example 1)
20 Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature

was gradually increased, so that the mixture was reacted at

25 135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20



. Concen- tration of phosphorus Concen- tration of Na/P (Mdlar ratio) Initial
strength of After exposure to atnosphere of 80C and 80 RH% for 700

hour sA=t er exposure to light from xenon for 100 hoursin filanmentsodiumin

- filamentfilanment Strength Retention Strength RetentionppnmppnmGPaGPa%=Pa%Ex.
1901023510. 795. 65. 09(9. 683Ex. 2360329421.58505. 85. 0869. 882EX.
3350326251. 015. 59. 7859. 980Ex. 9352930601. i 75. 54. 88E9. 561EXx.
5928327020. 855. 65. 1919. 682Ex. 693652930G 755. 85. 2699. 680EX.
7952332560. 975. 59. . 859. 277Ex. B32892685 . 105. 85. 0869. 680EX.

9339329560. 896:89. 98RY. 689EX+240940832661005.(59. 8854. 376EX. .
11911925960. 855. 65. 0899. 581Ex. 12348826411. 025. 85. 0674. 882Ex.

13915931761p9§§y§gn@ﬁ§g28E§§5xa%8§g 6ﬁgg7én22§t§4n§§g4v§§%g§ity of 30
15329623610. 989. 79. 3929. 289Ex. 16315523651. C13. 02. 5842. 582EX.

. 7333925281..(22. 82. 3832. 381Ex. 1836893227 . 52.
19390325200@@%%.§§.§§f§(§®¥gﬁtiﬂai. ?ﬁf§§§%1ﬂ%§63%%%%?%18%@%%?%&9lfonlc

Z IR C.EX, 3-4---1--C EX. 9 .- ) 532852536 5.89.5~ 77~ 3.0~ 51
Table 2 Ccﬁ%éﬁ-s?éPFéﬁHOf gﬁggp o] Sg( 'chﬁ? %ggt%gﬁgo%ﬁhﬁgﬁ %éﬁ?ar ratio)
Lok S SR O LSL BRESULE o ol RIPDRLEOL 800,90, (1700

at high temperature and high humidity (80°C and 80 RH%) and
the light exposure test of the resultant filaments are
shown in Table 1.

(Comparative Example 2)

10 Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g), safranine (19.4 g) and 122% polyphosphoric
acid (2,078.2 g) were stirred at 60°C for 30 minutes. Then,
the temperature was gradually increased, so that the

15 mixture was reacted at 135°C for 20 hours, at 150°C for 5
hours and at 170°C for 20 hours. As a result, a black
rubber-like mass from which filaments could not be drawn
was obtained. Spinning from this product was impossible.
(Comparative Example 3)

20 Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g), aniline black (19.4 g) and 122%
polyphosphoric acid (2,078.2 g) were stirred at 60°C for 30
minutes. Then, the temperature was gradually increased, so

25 that the mixture was reacted at 135°C for 20 hours, at



. for 100 hoursin fi~anmentsodiumin filamentfi_anment Strength Retention
Strength Retenti onPPmPP=~GPaGPa%GPa%Ex. 209GL023510. 795. 65. 0909. 683Ex.
21360329421. 105. 85. 0E69. 892Ex. 22350326261. 015. 54. 7259. 980Ex.

. 23952332560. 975. 54. 7854. 277Ex. 24911425960. 855. 65. 0899. 581C. EX.
6390230551. 216. 09. 5752. 237 10l Table 3 sAfter exposure toAfter exposure
t oP. brasi onConcen- Ccncen-1niti al at nrosphere o 80C i ght from

xenonr esi stancetration oftrati onNa/ Pstrengthand 80 RYA for 700for 100

: o Moou=sat

hi ghphosphor ygef (b} ag OIE&QJ:'%]SSSHDEE af yhed nepdimahi Q) fi lamentddaliy fil amen
tinStrengthRetentionStrengt Ret ent 1 onfi | ament ppnppnGPaGPa~GPa' kDecr €ase

i n~.reight Ex. gQ%Q19%%§e¥QlZQ§ BRsQ9020R8FB41LEXFfilaments could not be
27360329921. 1G5 85. 0869. 9823. 3EX. 28350326261. 015. 59. 7859. 9803. 4Ex.

29952332560 59.18 9EX : 6 5813. 2C Ex
5390230551, D187 1S Bbta LfRd s spTithat 20 B3 Tp-BINCeONAS BC Phcen.
tration hb/?ﬁ?@%%ﬁk% test ur:der atnosphere of high tenperature and high
hum dity Lig exposure t est phosphorus in filanmentof sodium in

filanme tiNbI[%r rati )|n| i al tr gthStrength after treat- neatStrength
r et ent Pon- ni' nga§ﬁ engt §?P@ after treat- meatStrength
rmemimmmmmmgISCWfISCm-fISCWfISC

37901023510, 702899487088 383527 PEn ™ 34366959957510385785. 08228720772Ex.
39350326261. 01279222. 08127919270EX.

9095233256099 2P7D27 £S08 £3 701097 hedrechdgeddsod 5842 5290108 6682664387 5
Tabl e 5 Concen- Concen-Properties of fl—anentPropertles of rcpetration of
phosphorus A1l [(@%Onft avi dsbenzimidazo[2,1-b:2", 1"~

ilbenzo[1lmn] [3, 8] phenathroline-8,17-dione (50.4 g) and 122%
10 polyphosphoric acid (2,078.2 g) were stirred at 60°C for 30
minutes. Then, the temperature was gradually increased, so
that the mixture was reacted at 135°C for 20 hours, at
150°C for 5 hours and at 170°C for 20 hours. The resultant
dope of polyparaphenylenebenzobisoxazole had an intrinsic
15 viscosity of 26 dL/g at 30°C, which was measured by using a
methanesulfonic acid solution. Spinning was carried out
using this dope in the same manner as described above. The
filaments were frequently broken just under the spinning
nozzle, and thus, the spinning from this dope was
20 impossible.
(Comparative Example 5)
Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g), bisbenzimidazo[2,1-b:2',1'-

25 ilbenzo[lmn] {3, 8]phenathroline-8,17-dione (3.4 g) and 122%



of sodiumin filamentNa/P ~;:tolar ratio)lnitial strengthStrength after
treat- nmeatS~rength reteraionlr:it=al strengthStrength af~er treat-
ment Strength retenti onppnppnGPaGPa~kg kgf ' KEX.

. 919010c3510. 795. 65. 0906345. 9B1Ex. 9236G32992i . 105. 85. 08662797776EX.

9335G326261. 015. 59. 7856109957 3EX. 55

99952332560. 975. 54. 78560345876C. Ex. | 639023G551. 216. 09. 57569832950

| NDUSTRI AL APPLI CABI LI TY According to the present invention, it is possible
to 10 provide polybenzazole fibers or filanment having high 102

durability Hgg9ﬁh§55§§998rsélef(b'@hstgnefr@&yéegtgegeaigh burd disy zmd

| i ght expos t he appflcab i elds of such pol ybenzazol e

fibers or Thiadeaks bocene FREkedhpovhdate &B@rgbxdﬁﬁml?!bﬂbk@gséuchsbo t he
i ndustries CLAI B 1. Polybenzazole fibers or filaments haV|ng a

tensile str h, retent on of _850 her t

atnngphere gggg Féﬁp@?ﬁ dré 8?58683 g ?eﬂ§§|€;f ug?%ﬁﬁaﬁ ot/ 8%0 for 700
hours. 2. P fib fi di

characterizgg%pen azoét %ﬁ?ggé?gr Ii?&?ﬁéﬁ%g g&@uf% gﬁ%%h Eatnention
of 500 or er when e sed.to 0 .
PonbeﬁzazoP TVWSér§°8FXg?|BﬁéﬁPérégESPH ﬁae xen lso%ngoaaracgerggggsln
that the fibers or filaments 15 contain in theng e ves, an or nicp

having heat 1pE5i86aRcE1aSORIEN &S &6t Aér faPtdel %«po‘@i”t? n‘ﬁ%?a%g% of

200C or hlgher and soluble in a _mneral acid.
by using a methanesulfonic acid solution. This dope was

spun in the same manner as described above. The results of
the storage test at high temperature and high humidity

10 (80°C and 80 RH%) and the light exposure test of the
resultant filaments are shown in Table 1.

As is apparent from the results shown in Table 1, it
is known that the polybenzazole fibers or filaments of
Examples showed very high strength retentions after exposed

15 to atmospheres of high temperatures and high humidity and
xenon irradiation, as compared with the fibers or filaments
of Comparative Examples.

(Example 20)

Under a stream of a nitrogen gas, 4,6-

20 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20

25 hours. The resultant polymer dope of poly(p-



4. Pol ybenzazole fibers or filanments according to 20 claim11, characterized
in that the organic pignment contained in the fibers or filanments has
?roups) of -N= and/or NH in the nolecule. 5. Polybenzazole fibers or
ilaments according to 25 claim1, characterized in that the organic
pi gment a 104 contained in the fibers @gw filaments is any of perinones
and/ or perylenes. 6. Polybenzazole fibers or filanments according to 5 claim
1, characterized in that the organic pignent contained in the fibers or
filaments is any of phthal ocyanines. 7. Polybenzazole fibers or filanments

according tondRy,cbabBrhzobNasRsEE1 L7 EHaliNathahtthes 0 gans€opi guest 30
contained in the fibers or filanments is any of quinacridones. 8.

Pol ybenzazohe, i ber st iyl Apni.s. apeardiag i i al Msndayaetarided in

that the organfc pignert con ers or filaments is any of

diovaines'?8§§59%¥9ﬁ?5ﬁ?0|§ sgﬁpgedgggeQ§.bay&ggwgstgggggeggﬁggmth

retention o gher after exposed to an 20 at nosphere of a
tenmperature_of. 80C and.a_relativ uf, di o} 0 7 heurs. A spun
yarn con?ri§iﬁﬁaggF¥%%ﬁ93%%ﬁg #iﬁ%ggﬁ%§’$¥réﬁggtgoé§igtQfgégpgghefgd i
conponent , e spup yarn having_a Si stre r ntio 0 Oor

hi gher aftth%ng§£H¥e gaiogkfgrﬁﬂ’at%ggﬁﬁegga%f gg?e g?ﬁ%é?eagg §% and a
relative humdity of 80% for 700 goursﬁ 1%. Q cord %gr reiﬁiﬁrckng rubber,
conpri sing tWi SEBdS3TGaFABNEF BBl BERTaEFed PBErs oreffFaHenfs the cord
having a tensile strength retention of 70% or higher after exgosed tQ an

at nospher e 6ilameBhpelarar 60BP1BOE SAdMEXRePal PV AUM Hi £y ToPCBBSFT 8 700

hours. 10 12. A polybenzazole fiber sheet for reinforcing cenment/concrete,
having a teR8i PBOsgpBAgrh r&hentPBnvwap #5dgped with a push-on crimper

having rolls with width of 20 mm. The crimped tow was cut

10 into staple fibers with given lengths of 44 mm, using a
rotary cutter. The staple fibers were subjected to a
storage test under an atmosphere of high temperature and
high humidity (80°C and 80 RH%) and a light exposure test.
The results are shown in Table 2.

15 (Example 21)

Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature

20 was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 29
dL/g at 30°C, which was measured by using a methanesulfonic

25 acid solution. To this dope (2.0 kg) was added



. or higher after exposed to an atnosphere of a tenperature of 80C and a
relative humdity of 800 for 700 hours. 15 13. A pol ybenzazole fiber rod
for reinforcing cenent/concrete, having a tensile strength retention of 750
- or higher after exposed to an atnosphere of a tenperature of 80C and a
relative humdity of 80%for 700 hours. 207 14. A conposite materi al

conpri sing pol ybenzazole fibers or filanments as at | east one conponent, the
conposite material having a tensile strength retention of 750 or higher
after exposed to an atnosphere of a tenperature of 80C and a relative

hum dity of 1,888eheimi@@2z352haups 2, 11'08 1H2nzA [3ainl] (@, 81k excellent in
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(Example 22)
Under a stream of a nitrogen gas, 4, 6-

15 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20

20 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 29
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this dope (2.0 kg) was added 9,19-
dichloro-5,15-diethyl-5,15-dihydrodiindolo[2,3~-c:2"',3'-

25 n]triphenodioxazine (15.2 g), and the mixture was stirred.
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of 26 dL/g at 30°C, which was measured by using a
methanesulfonic acid solution. This dope was spun in the
same manner as described above. The resultant filaments

were combined to make a tow having a fineness of 30,000

25 denier. The tow was crimped with a push-on crimper having
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(Comparative Example 6)

Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic

10 acid (260.8 g) and 122% polyphosphoric acid (2,078.2 qg)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of polyl(p-

15 phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This dope (2.0 kg) was spun in the same
manner as described above. .The resultant filaments were
combined to make a tow having a fineness of 30,000 denier.

20 The tow was crimped with a push-on crimper having rolls
with width of 20 mm. The crimped tow was cut into staple
fibers with given lengths of 44 mm, using a rotary cutter.
The staple fibers were subjected to a storage test under an

atmosphere of high temperature and high humidity (80°C and

25 80 RH%) and a light exposure test. The results are shown
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Comparative Example.
(Example 25)
Under a stream of a nitrogen gas, 4,6-

10 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 q)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20

15 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this dope (2.0 kg) was added 29H, 31H-
phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2 g), and

20 the mixture was stirred. After that, the solution was spun
in the same manner as described above. The resultant
polybenzazole filaments were cut into staple fibers with
lengths of 51 mm. The staple fibers were twisted at a

twist constant of 3.5 to make a spun yarn with a cotton

25 yarn count of 20Ne. The tensile strength of the resultant
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Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)

10 were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30

15 dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This dope (2.0 kg) was spun in the same
manner as described above. The resultant polybenzazole
filaments were cut into staple fibers with lengths of 51 mm.
The staple fibers were twisted at a twist constant of 3.5

20 to make a spun yarn with a cotton yarn count of 20Ne. The
tensile strength of the resultant spun yarn was 9.3 cN/dtex.
The spun yarn showed a strength retention of 63% after
subjected to a storage test under an atmosphere of high

temperature and high humidity (80°C and 80 RH%), and showed

25 a strength retention of 19% after subjected to a light
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yarn made of the staple fibers of Comparative Example 7.
(Example 26)

Under a stream of a nitrogen gas, 4,6-

10 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20

15 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this dope (2.0 kg) was added 29H, 31H-
phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2 g), and

20 the mixture was stirred. After that, the solution was spun
in the same manner as described above. The resultant
filaments were subjected to a storage test under an
atmosphere of high temperature and high humidity (80°C and
80 RH%) and a light exposure test. The results are shown

25 in Table 3.



C1> 10968 () - 10958 () - 10%58 () - s10%G&' () - 10%G& ()- 10%G& () - U) bdE] _@

1>, 10968 ()-& 1096& ()- ( 1096G& ()-&@L0YGE ()-$ 1096G& ()-!

109G& ()-b7pdEj _@!>8 109G& ()-s6 109G& ()-14109%G& ()-S2 109%G& ()-LO

10968 ()-F. 109G& ()-Y~-\= ! fL#10% &' ()-'1 fL#L10%h& ()-'!Of L#10%& ()-' f10%
h& ()- 10G 10G 10G ! 10%3& ()-*C[<~\= | £$10% & ()-9!" ($10%& () - 9&0$10%
h& ()-$ 10% h& ()-!i $109Mh& ()- ! V$109% V& ()- C&cdefi~ @!S 10%

h& ()-9'110% h& ()- f10% h& ()- 10 10 10 S2$10%

& ()-M CS2$10%c& ()- MR dE~_@!, @0% h& () -f#10% h& () -: ! 10% h&' () - 3Sy#10%

h& ()- 10% h& ()rnl f%Q%hQQt@)wer@Eco@%EG@ $10% h&ke) a Q 10%s @) &y #10%
h& ()-%$10% h& ()-!110% h& ()- -10% h ) - PQUdE~ @?'st&JlO@bh&f ()- SY4 10%

he ()- @zwmmf) Lglay @@gaeﬁger O%Tg& Q7S yr O Qs a1 10%

h&: ()- ,Lml0% h& h& % h& % .
Rﬁ‘pc% h& () - B%Ebgé) %%689()?%1?1 q%ﬂ?(()/ ’léjs lt&%o&)lr?%hlg’% Botia ¢ h§$(12)%
HBR MO e i RO S
0%)h&f() @6& 10% h& )-I410%)h&' S2310% h& () - AD~%€dEYNC !
SH#1 0% &f()0§16 4p@ (P 1Tg@@|£o@f 1@%§t§r _The' resultant staple
10@&|&:() f109&|&f() CIIdEYNC ! &'10@&|&f() Mp10%4| &'gj)Wlth 5 weight
109%| & () - SIBPBFE WREre PPEVEPWiFh1 6% PRSPPI ZdBPRCE We g
.9* MLO % | & ()- éZlO%ﬂL&' ()-,&#10%| & ()-, & 10%4| & ()-, "' 110%| & () -
|10@&|&_ ézﬁ gegXe® was made of the opened staple’ fibers, using a’
roller card. A plurality of such webs were laminated and
subjected to needle punching to make felt with a thickness
10 of 10.0 mm and a weight of 2,600 g/m?. The abrasion
resistance of the felt at a high temperature was evaluated.
As a result, the decrease in the weight of the felt due to
the abrasion was 3.1 mg/cm?.
(Example 27)
15 Under a stream of a nitrogen gas, 4, 6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
20 135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 29
dL/g at 30°C, which was measured by using a methanesulfonic

acid solution. To this dope (2.0 kg) was added

25 bisbenzimidazo[2,1-b:2"',1'-i]benzo[lmn] [3,8]phenanthroline-
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weight of 2,500 g/m°. The abrasion resistance of the felt

10 at a high temperature was evaluated. As a result, the
decrease in the weight of the felt due to the abrasion was
3.3 mg/cm®.

(Example 28)
Under a stream of a nitrogen gas, 4,6-

15 diaminoresorcinol dihydfochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20

20 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 29
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this dope (2.0 kg) was added 9,19-
dichloro-5,15-diethyl-5,15-dihydrodiindolo[2,3-¢c:2"',3"'~

25 n]triphenodioxazine (15.2 g), and the mixture was stirred.
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Example 26 to make felt with a thickness of 9.9 mm and a
weight of 2,500 g/m?. The abrasion resistance of the felt
at a high temperature was evaluated. As a result, the
10 decrease in the weight of the felt due to the abrasion was
3.4 mg/cm?.
(Example 289)
Under a stream of a nitrogen gas, 4, 6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
15 acid (260.8 g), 5,12-dihydro-2,9-dimethylquino[2, 3~
blacridine-7,14~dione (19.4 g) and 122% polyphosphoric acid
(2,078.2 g) were stirred at 60°C for 30 minutes. Then, the
temperature was gradually increased, so that the mixture
was reacted at 135°C for 20 hours, at 150°C for 5 hours and
20 at 170°C for 20 hours. The resultant polymer dope of
polyparaphenylenebenzobisoxazole had an intrinsic viscosity
of 24 dL/g at 30°C, which was measured by using a
methanesulfonic acid solution. This polymer dope was spun
in the same manner as described above. The resultant

25 filaments were subjected to a storage test under an
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The filaments were finished in the same manner as in
5 Example 26 to make felt with a thickness of 10.3 mm and a
weight of 2,700 g/m?’. The abrasion resistance of the felt
at a high temperature was evaluated. As a result, the
decrease in the weight of the felt due to the abrasion was
3.4 mg/cm®.
10 (Example 30)

Under a stream of a nitrogen gas, 4, 6-
diaminoresorcinol dihydrochloride (334.5 g) and
terephthalic acid (252.7 g) were added to 122%
polyphosphoric acid (2,165.5 g), and the mixture was

15 stirred at 60°C for 30 minutes. Then, the temperature was
gradually increased, so that the mixture was reacted at
120°C for 3.5 hours, at 135°C for 20 hours and at 150°C for
5 hours. To the resultant oligomer dope were added
terephthalic acid (5.6 g) and a dispersion of 29H, 31H-

20 phthaloChaninate(Z—)—N29,N30,N31,N32 copper (19.2 g) in
116% polyphosphoric acid (74.4 g). Then, the mixture was
reacted at 170°C for 5 hours and at 200°C for 10 hours.

The resultant polymer dope of polyparaphenylenebenzo-

bisoxazole had an intrinsic viscosity of 26 dL/g at 30°C,

25 which was measured by using a methanesulfonic acid solution.
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The filaments were finished in the same manner as in
Exémple 26 to make felt with a thickness of 10.1 mm and a
weight of 2,600 g/mz. The abrasion resistance of the felt
at a high temperature was evaluated. As a result, the
10 decrease in the weight of the felt due to the abrasion was
3.2 mg/cm?.
(Comparative Example 8)
Under a stream of a nitrogen gas, 4,6~
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
15 acid (260.8 g) and 1223% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
20 phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the
same manner as described above. The resultant filaments

were subjected to a storage test under an atmosphere of

25 high temperature and high humidity (80°C and 80 RH%) and a



. 104| ! 10%}| & () - 10%}| & ()- 10%}| & () - Sf#10%}| & ()-! 10%}| & () -
10%| & ()-| & dEbC 104|, &$10%4| & ()-,!' 1 10%4| & () -

109%4| & ()- 10%| & () - $10%| & () - 10%4| & () -' 4cdEbC

. 104| LOf #10%}| & () - @. 10%}| & () -

., 10%4| & ()-f9*MLO%| & ()-,3(10%| & () - &ssB10%4| & ()-LAYNC 104| 104| 104|
104] : - #1094 & ()- @' 10% & ()-,6 109%| & ()-@ 4

109 & ()- @210% & ()-!}[: YNC 104 $1098B& ()-M d
$10% & ()-M HS10%]& ()-M , L#10%&' ()-M , L#10% b

b& () - MbT 10%68h¢) =byeBLT SHEes104| Thd0GeLOGL0GrESLOURE (h Thple 3.
($LO%& () -~ ($L0% () -"& ' 10%& ()- $10%& ()- PSSAESH= 104

1067'}0%2&'() %9%2%1Q£mewgg%%@r@)finlg%%@ Gh- %&bk fhnner as in
1092& () - 5kNdESHE 104[ 106G 1

ines (- loghh). L;%Ogg%m%y;%ﬁ& LYy e 00
zivies - Bregozseh) S it Hlagtosseiet Toreratiagt) teoctaling
@109 () 3k J10¥ER (b3t 0¥l 208R b 1OME O La & - 102
decrease in the weight of the felt due to the abrasion was
4.0 mg/cm®.
As is apparent from the results of Table 3, it is
known that the felt materials made of the polybenzazole
10 fibers of Examples are very excellent in abrasion
resistance under atmospheres of high temperatures an high
humidity, as compared with the felt material of Comparative
Example.
According to the present invention, it is possible to
15 provide felt materials made of the polybenzazole fibers
capable of sufficiently maintaining the strength even when
exposed to atmospheres of high temperatures and high
humidity over long periods of time. Therefore, the felt
materials of the present invention can be effectively used
20 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 aluminum, iron,
copper, etc. and ceramics, although the applications of the
felt materials and the temperature range are not limited to

25 those.
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(:10%1 & () &#ZIiOS%H &I'h(e) reiu]iqc(gﬂt&léglyﬁe"r] ddEop/e of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
10 dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-) -N29,N30,N31,N32 copper (15.2
g), and the mixture was stirred. The resultant solution
was spun in the same manner as described above. The
15 resultant polybenzazole filaments were cut into staple
fibers with lengths of 51 mm, which were then twisted at a
twist constant of 3.5 to make a yarn with a cotton yarn
count of 20/1Ne. Two such yarns were twisted to make a two
folded yarn with a cotton yarn count of 20/2Ne. Such two
20 folded yarns are woven to make a 2/1 twill fabric which was
filled with 68 warp yarns/inch and 60 weft yarns/inch. The
tensile strength of the resultant fabric in the vertical
direction was 4,150 N/3 cm. The fabric was subjected to a

storage test under an atmosphere of high temperature and

25 high humidity (80°C and 80 RH%). As a result, the strength
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The yarns with a cotton yarn count of 20/1Ne made in

Example 31 were used to make a tubular knitted fabric which
was filled with 68 stitches/inch in the vertical direction
and 29 stitches/inch in the lateral direction. The tensile
strength of the resultant fabric in the vertical direction

10 .was 1,650 N/5 cm. The fabric was subjected to a storage
test under an atmosphere of high temperature and high
humidity (80°C and 80 RH%). As a result, the strength
retention of the fabric was 75%. The fabric was further
subjected to a light exposure test. As a result, the

15 strength retention thereof was 44%.
(Comparative Example 9)

Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 q)

20 were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
rhenylenebenzobisoxazole) had an intrinsic viscosity of 30

25 dL/g at 30°C, which was measured by using a methanesulfonic
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yarn with a cotton yarn count of 20/2Ne. Such two folded
yarns are woven to make a 2/1 twill fabric which was filled
with 68 warp yarns/inch and 60 weft yarns/inch. The
10 tensile strength of the resultant fabric in the vertical
direction was 4,320 N/3 cm. The fabric was subjected to a
storage test under an atmosphere of high temperature and
high humidity (80°C and 80 RH%). As a result, the strength
retention of the fabric was 62%. The fabric was further
15 subjected to a light exposure test. As a result, the
strength retention thereof was 21%.
(Comparative Example 10)
The yarns with a cotton yarn count of 20/1Ne made in
Comparative Example 9 were used to make a tubular knitted
20 fabric which was filled with 68 stitches/inch in the
vertical direction and 29 stitches/inch in the lateral
direction. The tensile strength of the resultant fabric in
the vertical direction was 1,580 N/5 cm. The fabric was

subjected to a storage test under an atmosphere of high

25 temperature and high humidity (80°C and 80 RH%). As a
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fibers of Examples 31 and 32 are very high in strength
retention after exposed to atmospheres of high temperatures
and high humidity and light irradiation, as compared with
the woven fabric and the knitted fabric made of Comparative
10 Examples 9 and 10.
(Example 33)
Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
15 were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
20 dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-) -N29,N30,N31,N32 copper (15.2
g), and the mixture was stirred.

After that, the resultant solution was spun to make

25 filaments with diameters of 11.5 um and fineness of 1.5
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5 converged at an appropriate position to make a
multifilament. A quench chamber was located in air gap
between the nozzle and the first washing bath, so that the
filaments could be elongated at an uniform temperature;
The length of the air gap was 30 cm. The filaments were
10 extruded in an air at 60°C. The takeup rate was 200 m/min.,
and the spinning elongation multiplying factor was 30. The
filaments were washed with water until the concentration of
the residual phosphorus in the polybenzazole filaments
reached 6,000 ppm or less. The filaments were neutralized
15 with a 1% NaOH aqueous solution for 10 seconds and washed
with water for 30 seconds, and dried at 200°C for 3 minutes.
Then, the filaments were wound onto bobbins.
Six polybenzazole filaments thus obtained were Z-wise
twisted at 32T/10 cm to make a Z twist yarn. Two such Z
20 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

aqueous dispersion of an epoxy resin, and the second

25 dipping treatment was carried out at 235°C, using a RFL
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5 Uhder a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
10 135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the
15 same manner as described above.
Six polybenzazole filaments thus obtained were Z-wise
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-
20 stage dipping treatment to make a dip cord. The first
dipping treatment was carried out at 240°C, using an
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 662 N. This dip

25 cord was inferior in strength retention of as low as 59%
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acid (260.8 g) and 122% polyphosphoric acid {(2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20

10 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2

15 g), and the mixture was stirred.

After that, the resultant solution was spun to make

filaments with diameters of 11.5 pm and fineness of 1.5
denier. The filaments were extruded from a nozzle which
had 166 holes with diameters of 180 um at a spinning

20 temperature of 175°C, and pushed into a first washing bath
which was disposed so that the pushed filaments could be
converged at an appropriate position to make a
multifilament. A quench chamber was located in air gap
between the nozzle and the first washing bath, so that the

25 filaments could be elongated at an uniform temperature.
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filaments were washed with water until the concentration of
5 the residual phosphorus in the polybenzazole filaments
reached 6,000 ppm or less. The filaments were neutralized
with a 1% NaOH agqueous solution for 10 seconds and washed
with water for 30 seconds, and dried at 200°C for 3 minutes.
Then, the filaments were wound onto bobbins.

10 Twelve polybenzazole filaments thus obtained were
twisted at 20T7/1 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 varns/inch and 17 weft yarns/inch.

15 The weight of the fabric was 485 g/m?. The tensile
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, and the
decrease in strength of the fabric which had been subjected

20 to a light resistance test were measured. As a result, the
strength retentions thereof were as high as 82% and 65%,
respectively.

(Comparative Example 12)
Under a stream of a nitrogen gas, 4,6-

25 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
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dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the
same manner as described above.

10 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.

15 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, and the
decrease in strength of the fabric which had been subjected

20 to a light resistance test were measured. As a result, the
strength retentions thereof were 65% and 48%, respectively,
which were inferior to those of the fabric of Example 34.
(Example 35)

Under a stream of a nitrogen gas, 4,6-

25 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
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was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
5 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2
10 g), and the mixture was stirred.
After that, the resultant sclution was spun to make
filaments with diameters of 11.5 um and fineness of 1.5
denier. The filaments were extruded from a nozzle which
had 166 holes with diameters of 180 um at a spinning
15 temperature of 175°C, and pushed into a first washing bath
which was disposed so that the pushed filaments could be
converged at an appropriate position to make a
multifilament. A guench chamber was located in air gap
between the nozzle and the first washing bath, so that the
20 filaments could be elongated at an uniform temperature.
The length of the air gap was 30 cm. The filaments were
extruded in an air at 60°C. The takeup rate was 200 m/min.,
and the spinning elongation multiplying factor was 30. The
filaments were washed with water until the concentration of

25 the residual phosphorus in the polybenzazole filaments
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Then, the filaments were wound onto bobbins.

5 Twelve polybenzazole filaments thus obtained were
twisted at 20T/1 m to make a doubled 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

10 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 as high as
86%.

15 (Comparative Example 13)

Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature

20 was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic

25 acid solution. This polymer dope (2.0 kg) was spun in the
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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
10 result, the strength retention of the rod was 72% which was
inferior to that of the rod of Example 35.
(Example 36)
| Under a stream of a nitrogen gas, 4,6~
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
15 acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
20 phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2.
g), and the mixture was stirred.

25 After that, the resultant solution was spun to make
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1I>I|81096 which was disposed so that the pushed filaments could be
converged at an appropriate position to make a
multifilament. A quench chamber was located in air gap
between the nozzle and the first washing bath, so that the
filaments could be elongated at an uniform temperature.

10 The length of the air gap was 30 cm. The filaments were
extruded in an air at 60°C. The takeup rate was 200 m/min.,
and the spinning elongation multiplying factor was 30. The
filaments were washed with water until the concentration of
the residual phosphorus in the polybenzazole filaments

15 reached 6,000 ppm or less. The filaments were neutralized
with a 1% NaOH agueous solution for 10 seconds and washed
with water for 30 seconds, and dried at 200°C for 3 minutes.
Then, the filaments were wound onto bobbins.

The durability of the filaments thus obtained was

20 evaluated in the same manner as described above. As a
result, the strength retention thereof was 83% in the light
exposure test, and 90% in the storage test under an
atmosphere of high temperature and high humidity.
(Comparative Example 14)

25 Under a stream of a nitrogen gas, 4,6-
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was gradually increased, so that the mixture was reacted at
5 135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the
10 same manner as described above.
The durability of the filaments thus obtained was
evaluated in the same manner as described above. As a
result, the strength retention thereof was 75% in the light
exposure test, and 37% in the storage test under an
15 atmosphere of high temperature and high humidity, which
were inferior to those of the filaments of Example 36.
(Example 37)
Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
20 acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-

25 phenylenebenzobisoxazole) had an intrinsic viscosity of 30
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109&|&f()-’g%9%gk§ %%ES%QE &?e was stirred. After that, the resultant
5 solution was spun in the same manner as described above.

The resultant polybenzazole filaments containing the
pigment were doubled to make a yarn having a total denier
of 1,500. Such yarns were used to make a scrim filled with
5 warp yarns/inch and 5 weft yarns/inch. This scrim was

10 sandwiched between biaxially stretched polyester films with
thickness of 12 microns to which a polyurethane adhesive
“was applied, and the resultant lamination was dried and set
hard. Thus, a sail cloth weighing 320 g/m? was obtained.
This sail cloth was cut to obtain a cloth strip with a

15 width of 2.5 cm and a length of 50 cm which included five
reinforcing filaments therein. This cloth strip was
subjected to a storage test under an atmosphere of high
temperature and high humidity and to a light exposure test.
The results are shown in Table 4.

20 (Example 38)

Bisbenzimidazo[2,1-b:2',1'-i]lbenzo[lmn] [3,8]-
phenathroline-8,17-dione (15.2 g) was added to a dope (2.0
kg) of poly(p-phenylenebenzobisoxazole) having an intrinsic
viscosity of 29 dL/g prepared in the same manner as in

25 Example 37, and the mixture was stirred. Then, the
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5 of 1,500. Such yarns were used to make a scrim filled with
5 warp yarns/inch and 5 weft yarns/inch. This scrim was
sandwiched between biaxially stretched polyester films with
thickness of 12 microns to which a polyurethane adhesive
was applied, and the resultant lamination was dried and set
10 hard. Thus, a sail cloth weighing 320 g/m? was obtained.
This sail cloth was cut to obtain a cloth strip with a
width of 2.5 cm and a length of 50 cm which included five
reinforcing filaments therein. This cloth strip was
subjected to a storage test under an atmosphere of high
15 temperature and high humidity and to a light exposure test.
The results are shown in Table 4.
(Example 39)
9,19-Dichloro-5,15-diethyl-5,15-dihydrodiindlo[2, 3-
c:2',3'-n]triphenodioxazine (15.2 g) was added to a dope
20 (2.0 kg) of poly(p-phenylenebenzobisoxazole) having an
intrinsic viscosity of 29 dL/g prepared in the same manner
as in Example 37, and the mixture was stirred. Then, the
resultant solution was spun in the same manner as described
above.

25 The resultant polybenzazole filaments containing the
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pigment were doubled to make a yarn having a total denier

of 1,500. Such yarns were used to make a scrim filled with

5 warp yarns/inch and 5 weft yarns/inch. This scrim was

sandwiched between biaxially stretched polyester films with

5 thickness of 12 microns to which a polyurethane adhesive

was applied, and the resultant lamination was dried and set

hard. Thus, a sail cloth weighing 320 g/m® was obtained.

This sail cloth was cut to obtain a cloth strip with a

width of 2.5 cm and a length of 50 cm which included five

10 reinforcing filaments therein. This cloth strip was
subjected to a storage test under an atmosphere of high
temperature and high humidity and to a light exposure test.
The results are shown in Table 4.

(Example 40)

15 Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g), 5,12-dihydro-2,9-dimethylquino([2,3-
blacridine-7,14-dione (19.4 g) and 122% polyphosphoric acid
(2,078.2 g) were stirred at 60°C for 30 minutes. Then, the

20 temperature was gradually increased, so that the mixture
was reacted at 135°C for 20 hours, at 150°C for 5 hours and
at 170°C for 20 hours. The resultant polymer dope of
polyparaphenylenebenzobisoxazole had an intrinsic viscosity
of 24 dL/g at 30°C, which was measured by using a

25 methanesulfonic acid solution. This polymer dope was spun
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in the same manner as described above.

The resultant polybenzazole filaments containing the
pigment were doubled to make a yarn having a total denier
of 1,500. Such yarns were used to make a scrim filled with

5 5 warp yarns/inch and 5 weft yarns/inch. This scrim was
sandwiched between biaxially stretched polyester films with
thickness of 12 microns to which a polyurethane adhesive
was applied, and the resultant lamination was dried and set
hard. _Thus, a sail cloth weighing 320 g/m?> was obtained.

10 This sail cloth was cut to obtain a cloth strip with a
width of 2.5 cm and a length of 50 cm which included five
reinforcing filaments therein. This cloth strip was
.subjected to a storage test under an atmosphere of high
temperature and high humidity and to a light exposure test.
15 The results are shown in Table 4.
(Comparative Example 15)

Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)

20 were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30

25 dL/g at 30°C, which was measured by using a methanesulfonic
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acid solution. This polymer dope (2.0 kg) was spun in the
same manner as described above.
The resultant polybenzazole filaments were doubled to
make a yarn having a total denier of 1,500. Such yarns
5 were used to make a scrim filled with 5 warp yarns/inch and
5 weft yarns/inch. This scrim was sandwiched between
biaxially stretched polyester films with thickness of 12
microns to which a polyurethane adhesive was applied, and
the resuitant lamination was dried and set hard. Thus, a
10 sail cloth weighing 320 g/m® was obtained. This sail cloth
was cut to obtain a cloth strip with a width of 2.5 cm and
a length of 50 cm which included five reinforcing filaments
therein. This cloth strip was subjected to a storage test
under an atmosphere of high temperatﬁre and high humidity
15 and to a light exposure test. The results are shown in
Table 4.
As is apparent from the results shown in Table 4, it
is known that the sail cloths comprising the polybenzazole
filaments of Example 37 to 40 are very high in strength
20 retention after exposed to the atmospheres of high
temperature and high humidity and to the light irradiation,
as compared with the sail cloth of Comparative Example 15.
(Example 41)

Under a stream of a nitrogen gas, 4,6-

25 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
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acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
5 hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2
10 g), and the mixture was stirred. After that, the resultant
solution was spun in the same manner as described above.
The strength retention of the resultant polybenzazole
filaments which had been subjected to a storage test under
an atmosphere of high temperature and high humidity was 90%.
15 Twelve polybenzazole filaments thus obtained were
twisted at 80T/m to make a doubled twist yarn with a
thickness of 3,000 denier. Eight doubled twist yarns thus
obtained were braided with a conventional braiding machine
to make a rope. The strength retention of the rope which
20 had been subjected to a storage test under an atmosphere of
high temperature and high humidity was 81%, which was
decreased by only 9%, as compared with the strength
retention of the polybenzazole filaments used as the

material. This rope was further subjected to a light

25 exposure test. As a result, the strength retention of the
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rope which had been exposed to light for 100 hours was as
high as 80%.
(Example 42)

Bisbenzimidazo{2,1-b:2',1'-i]benzo[1lmn] [3,8]-
phenanthroline-8,17-dione (15.2 g) was added to a dope (2.0
kg) of poly (p-phenylenebenzobisoxazole) having an intrinsic
viscosity of 29 dL/g, prepared in the same manner as in
Example 41, and the mixture was stirred. Then, the
resultant solution was spun in the same manner as described
above. The strength retention of the resultant filaments
after subjected to a storage test under an atmosphere of
high temperature and high humidity was 86%.

Twelve polybenzazole filaments thus obtained were
twisted at 80T/m to make a doubled twist yarn with a
thickness of 3,000 denier. Eight doubled twist yarns thus
obtained were braided with a conventional braiding machine
to make a rope. The strength retention of the rope which
had been subjected to a storage test under an atmosphere of
high temperature and high humidity was 76%, which was
decreased by only 10%, as compared with the strength
retention of the polybenzazole filaments used as the
material.

(Example 43)
9,19-Dichloro-5,15-diethyl-5,15-dihydrodiindlo{2, 3~

c:2',3'-n]triphenodioxazine (15.2 g) was added to a dope

#109%&' ()- #10%&' ()-Ao | #B(+ #10%&' ()-Ao |# #109%& ()- #109%&' ()- #10%&f(§2-



. #109& ()-A #109&' ()- #109%& ()- #10%&' ()- #109& ()- #10%& ()- #109%&' ()-fQ(+
#109%&' ()- #109%&' ()- #109%&k' ()-Ao |# #109%& ()- #109%' ()- eF+ #10%&' () -
#109&' ()- #109%& ()- #109%&' ()- #109& ()- #109&' ()- #109%&' ()-#(,fQ +
- #109&' () - #109& () - #109%R ()- #109%& ()- #109%& ()-Ao |#,037:;CB(+
#109%&' ()-Ao |# #109%& ()- #10%&' ()- #109%& 4)- #10% () - CHVRVZ] eF+ #10%& ()-A
#109%&' ()- #109&' ()- #109%&' ()- #109%&' ()- #109%&' ()- #10%&' ()-]adenogf 4 +
#109&' ()- #109%& ()- #10%& ()-Ao |# #109%& ()- #10%& ()-qsuwyz{] P+ #109%&' () -
(2.0 kg) of poly(p-phenylenebenzobisoxazole) having an
intrinsic viscosity of 29 dL/g, prepared in the same manner
as in Example 41, and the mixture was stirred. Then, the
resultant solution was spun in the same manner as described
5 above. The strength retention of the resultant filaments
after subjected to a storage test under an atmosphere of
high temperature and high humidity was 85%.
Twelve polybenzazole filaments thus obtained were
twisted at 80T/m to make a doubled twist yarn with a
10 thickness of 3,000 denier. Eight doubled twist yarns thus
obtained were braided with a conventional braiding machine
to make a rope. The strength retention of the rope which
had been subjected to a storage test under an atmosphere of
high temperature and high humidity was 73%, which was
15 decreased by only 12%, as compared with the strength
retention of the polybenzazole filaments used as the
material.
(Example 44)
Under a stream of a nitrogen gas, 4,6-
20 diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g), 5,12-dihydro-2,9-dimethylquino[2,3,-
blacridine-7,14-dione (19.4 g) and 122% polyphosphoric acid
(2,078.2 g) were stirred at 60°C for 30 minutes. Then, the

temperature was gradually increased, so that the mixture

25 was reacted at 135°C for 20 hours, at 150°C for 5 hours and
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at 170°C for 20 hours. The resultant polymer dope of
polyparaphenylenebenzobisoxazole had an intrinsic viscosity
of 24 dL/g at 30°C, which was measured by using a
methanesulfonic acid solution. This polymer dope was spun

5 in the same manner as described above. The strength
retention of the resultant polybenzazole filaments which
had been subjected to a storage test under an atmosphere of
high temperature and high humidity was 85%.

Twelve polybenzazole filaments thus obtained were

10 twisted at 80T/m to make a doubled twist yarn with a
thickness of 3,000 denier. Eight doubled twist yarns thus
obtained were braided with a conventional braiding machine
to make a rope. The strength retention of the rope which
had been subjected to a storage test under an atmosphere of

15 high temperature and high humidity was 76%, which was
decreased by only 9%, as compared with the strength
retention of the polybenzazole filaments used as the
material.
(Comparative Example 16)

20 Under a stream of a nitrogen gas, 4,6-
diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature

was gradually increased, so that the mixture was reacted at

25 135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20



68310% $& ()- 6&$10% $& ()- 6&$10% $& ()- % - cGB&$10% $& 68$10% $& () -
68310% $& ()- 6&3$10% $& ()- 6&$10% $& ()- 6&$10% $& ()- 6&$10% $& () -
-5>ASfy ?68$10% $6&$10% $& () - 6&$10% $& ()- 6&$10% $& ()- 6&$10% $& () -

. 68$10% $& ()- 6&$10% $& ()- ycCH&$10%4 $6&$310% $& () - 6&$10% $& () -

6&310% $& ()- 6&3$10% $& ()- 6&$10% $& () 936&$10% $& () -

bBGG&$10% $68$10% $& () - 6&$10% $& () - 6&$10% $& () - 6&$10% $& ()- AoG kz
$gK+6&$10% $& ()- 6&3$10% $& ()- 6&$10% $& ()- 6&$10% $& ()- 6&$10% $& () -
68310% $& ()- 6&$10% $& ()- F*+68$10% $& ()- A0G kz $6&$10% $& ()-

0&$10% S& 1094,8&; OBb $Gimé - &$ L () 6&$10% $& () -
GED10% S8 (1o BER10M 88 £ a1 64#10Bh S5t ) dopS+6A330% 38 () 62510 3¢ ()

phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the

5 same manner as described above. The strength retention of
the resultant polybenzazole filaments which had been
subjected to a storage test under an atmosphere of high
temperature and high humidity was 75%.

Twelve polybenzazole filaments thus obtained were

10 twisted at 80T/m to make a doubled twist yarn with a
thickness of 3,000 denier. Eight doubled twist yarns thus
obtained were braided with a conventional braiding machine
to make a rope. The strength retention of the rope which
had been subiected to a storage test under an atmosphere of

15 high temperature and high humidity was 50%, which was
decreased by so large as 25%, as compared with the strength
retention (75%) of the polybenzazole filaments used as the
material. It was know from this fact that the durability
of the filaments markedly decreased due to the damage in

20 the course of the manufacturing of the rope. The rope was
further subjected to a light exposure test for 100 hours.
As a result, the strength retention of the rope was 58%,
which was far lower than that of the rope of Example 41.

The results are summarized in Table 5. As is apparent

25 from Table 5, it is known that the high strength fiber
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the atmospheres of high temperatures and high humidity, as
compared with the rope of Comparative Example 16.

5 (Example 45)

Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
acid (260.8 g) and 122% polyphosphoric acid (2,078.2 q)
were stirred at 60°C for 30 minutes. Then, the temperature

10 was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-
phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfecnic

15 acid solution. To this polymer dope (2.0 kg) was added
29H, 31H-phthalocyaninate (2-)-N29,N30,N31,N32 copper (15.2
g), and the mixture was stirred.

After that, the resultant solution was spun to obtain

filaments with diameters of 11.5 pum and fineness of 1.5

20 denier. The filaments were extruded from a nozzle which
had 166 holes with diameters of 180 um at a spinning
temperature of 175°C, and pushed into a first washing bath
which was disposed so that the pushed filaments could be
converged at an appropriate position to make a

25 multifilament. A quench chamber was located in an air gap
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The length of the air gap was 30 cm. The filaments were
extruded in an air at 60°C. The takeup rate was 200 m/min.,
and the spinning elongation multiplying factor was 30. The
filaments were washed with water until the concentration of
the residual phosphorus in the polybenzazole filaments
reached 6,000 ppm or less. The filaments were neutralized
with a 1% NaOH aqueous solution for 10 seconds and washed
with water for 30 seconds, and dried at 200°C for 3 minutes.
Then, the filaments were wound onto bobbins.

The resultant polybenzazole filament yarns were woven
with a rapier loom to make a plain weave fabric filled with
30 warp yarns/25 mm and 30 weft yarns/25 mm. The weight of
the fabric was 136 g/m?. The tensile strength of the
fabric in the warp direction was 2,670 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 as high as 81% and
as high as 64%, respectively.

(Comparative Example 17)
Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic
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were stirred at 60°C for 30 minutes. Then, the temperature
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was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
5 hours. The resultant polymer dope of poly(p-

phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the
same manner as described above.

10 The resultant polybenzazole filament yarns were woven
with a rapier loom to make a plain weave fabric filled with
60 warp yarns/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 2,810 N/3 cm. The

15 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%,

20 respectively, which were inferior to the results of the
fabric of Example 45.
(Example 46)

Under a stream of a nitrogen gas, 4,6-

diaminoresorcinol dihydrochloride (334.5 g), terephthalic

25 acid (260.8 g) and 122% polyphosphoric acid (2,078.2 qg)
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was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-

5 phenylenebenzobisoxazole) had an intrinsic viscosity of 30
dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. To this polymer dope (2.0 kg) was added
29H,31H—phthalocyanihate(2—)—N29,N30,N31,N32 copper (15.2
g), and the mixture was stirred.

10 After that, the resultant solution was spun to obtain
filaments with diameters of 11.5 um and fineness of 1.5
denier. The filaments were extruded from a nozzle which
had 166 holes with diameters of 180 um at a spinning
temperature of 175°C, and pushed into a first washing bath

15 which was disposed so that the pushed filaments could be
converged at an appropriate position to make a
multifilament. A gquench chamber was located in an air gap
between the nozzle and the first washing bath, so that the
filaments could be elongated at an uniform temperature.

20 The length of the air gap was 30 cm. The filaments were
extruded in an air at 60°C. The takeup rate was 200 m/min.,
and the spinning elongation multiplying factor was 30. The
filaments were washed with water until the concentration of
the residual phosphorus in the polybenzazole filaments

25 reached 6,000 ppm or less. The filaments were neutralized
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with water for 30 seconds, and dried at 200°C for 3 minutes.
Then, the filaments were wound onto bobbins.
Two polybenzazole filaments thus obtained were doubled
5 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 135 g/m?. The tensile strength of the fabric in
10 the warp direction was 5,700 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
15 retentions of the fabric were as high as 81% and as high as
64%, respectively.
(Comparative Example 18)
Under a stream of a nitrogen gas, 4,6-
diaminoresoréinol dihydrochloride (334.5 g), terephthalic
20 acid (260.8 g) and 122% polyphosphoric acid (2,078.2 g)
were stirred at 60°C for 30 minutes. Then, the temperature
was gradually increased, so that the mixture was reacted at
135°C for 20 hours, at 150°C for 5 hours and at 170°C for 20
hours. The resultant polymer dope of poly(p-

25 phenylenebenzobisoxazole) had an intrinsic viscosity of 30
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dL/g at 30°C, which was measured by using a methanesulfonic
acid solution. This polymer dope (2.0 kg) was spun in the
same manner as described above.
Two polybenzazole filaments thus obtained were doubled
5 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
10 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
15 retentions of the fabric were 63% and 47%, respectively,

which were inferior to the results of the fabric of Example

4o6.
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c(10% (& ()- c(10% (& ()- %: Mk 1l mdH c(10% (& ()- c(10% (& ()-
c(10% (& ()- c(10% (& ()- c(10% (& ()- c(10% (& ()- c(10% (& ()- mn
D(,c(10% (& ()- ¢ X4P, Al'Y#a(c(10% (& ()- c(10% (& ()- c(10% (& ()-
c(10% (& ()- 100

Table 1
After exposure to AZter exposure to
Concen- Concen- Na/P Initial atmosphere of 80°C light from xenon
tration of | tration (Molar | strength | and 80 RH% for 700 for 100 hours
phosphorus | of ratio) of hours
in sodium filament
filament in Strength | Retention | Strength | Retention
filament
ppm ppm GPa GPa % GPa %
Ex. 1 4010 2351 0.79 5.6 £.0 90 4.6 83
Ex. 2 3603 2942 1.10 5.8 5.0 86 4.8 82
Ex. 3 3503 2626 1.01 5.5 4.7 85 4.4 80
Ex. 4 3524 3060 1.17 5.5 4.8 88 4.5 81
Ex. 5 4283 2702 0.85 5.6 5.1 51 4.6 82
Ex. 6 4365 2430 0.75 5.8 E.2 89 4.6 80
Ex. 7 4523 3256 0.97 5.5 4,7 85 4.2 77
Ex. 8 3289 2685 L.10 5.8 5.0 86 4.6 80
Ex. 9 3343 2456 0.99 5.8 4.9 85 4.6 80
Ex. 10 4400 3266 1.00 5.6 4.8 85 4.3 7
Ex. 11 4114 2596 0.85 5.6 5.6 89 4.5 81
Ex. 12 3488 2641 1.02 .8 5.0 87 4.8 82
Ex. 13 4154 3176 1.03 5.6 4.6 83 4.4 78
Ex. 14 3276 2967 1.22 5.6 4.5 20 4.6 82
Ex. 15 3246 2361 0.98 4,7 4.3 92 4.2 89
Ex. 16 3155 2365 1.01 3.0 2.5 84 2.5 82
Ex. 17 33239 2528 1.02 2.8 2.3 83 2.3 81
Ex. 18 3684 3227 1.2 2.9 2.5 85 2.3 80
Ex. 19 3903 2520 0.87 2.8 2.5 91 2.3 81
C.Ex. 1 3402 3055 1.21 6.0 4.5 75 2.2 37
C.Ex. 2 - - - - - - - -
C.Ex. 3 - - - - - - - -
C.Ex. 4 - - - - - - - -
C.Ex. 5 3285 2536 1.04 5.8 4.5 77 3.0 51
Table 2
After exposure to After exposure to
Concen=— Concen- Na/P Tnitial atmosphere of 80°C light from xenon
tration of tration (Molar strength | and 80 RH% for 700 for 100 hours
phosphorus of ratio) of hours
in filament sodium filament
in Strength | Retention | Strength | Retention
filament
ppm pem GPa GPa % GPa %
Ex. 20 4010 2351 0.79 5.6 5.0 90 4.6 83
Ex. 21 3603 2942 1.10 5.8 5.0 X 4.8 82
Ex. 22 3503 2626 1.01 5.5 4.7 e5 4,4 80
Ex. 23 4523 3256 0.97 5.5 4.7 85 £.2 77
Ex. 24 4114 2596 0.85 5.6 5.0 89 4.5 81
C.Ex. 6 3402 3085 1.21 6.9 4.5 75 2.2 37
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Table 3
After exposudre to After exposure to Abrasion
Concen~ Cecncen- Initial atmosphere of 80°C light from xenocn resistance
tration of | tration Na/P strength { ard 80 RH% for 700 for 100 hours at high
phosphorus | of {(Molar | of hours temperature
in sodium ratio) | filament (felt)
filament in Strength | Retention | Strength | Retention
filament
ppm ppm GPa GPa % GPa % Decrease in
weight
Ex. 26 4010 2351 0.79 £.6 5.0 90 4.6 83 3.1
Ex. 27 3603 2942 1.10 5.8 .0 26 4.8 82 3.3
Ex. 28 3503 2626 1.01 5.5 4.7 85 4.4 80 3.4
Ex. 29 4523 3256 0.97 5.5 4.7 8% 4.2 7 3.4
Ex. 30 4114 2596 0.85 5.6 5.0 89 4.5 81 3.2
C.Ex. 8 3402 3055 1.21 6.0 4.5 75 2.2 37 4.0
Table 4
Exposure test under
Concen- Concen- atmosphere of high Light exposure test
tration cf | tration Na/P temperature and high humidity
phosphorus | of {Molar | Initial Strength | Strength Initial Strength Strength
in sodium ratio) | strength | after retention | strength | after retention
filament in treat- treat-
filament ment ment
ppm ppm kgf/3 cm | kgf/2 cm % kgf/3 cm kgf/3 cm %
Ex. 37 4010 2351 0.7 282 248.0 88 282 217 77
Ex. 38 3603 2942 1.10 287 285.0 82 287 207 72
Ex. 39 3503 2626 1.01 274 222.0 a8l 274 192 70
Ex. 40 4523 3256 0.97 270 221.0 8l 270 162 71
C.Ex..5 3402 3055 1.21 290 194.0 64 290 163 47
5 Table 5
Concen- Concen-— Properties of filament Properties of rope
tration of | tration Na/P Initial Strength | Strength Irnitial Strength Strength
phosphorus | of {Molar | strength | after retention | strength | afzer retention
in sodium ratio) treat- treat-
filament in ment ment
filament
ppm ppm GPa GPa 3 kg kgf %
Ex. 41 4010 2351 0.79 5.6 5.0 90 634 514 81
Ex. 42 3603 2942 1.10 5.8 5.0 86 627 477 76
Ex. 43 3503 2626 1.01 5.5 4.7 B5 610 445 73
Ex. 44 4523 3256 0.97 5.5 4.7 85 603 458 76
C.Ex.16 3402 3055 1.21 6.0 4.5 75 648 324 50
INDUSTRIAL APPLICABILITY
According to the present invention, it is possible to
10 provide polybenzazole fibers or filament having high
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c(10% (& ()- c(10% (& ()- rst{|\<D, c(10% (c(10% (& ()- c(10% (& ()-
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Al Y#a(c(10% (& ()- _?,¢c(10% (c(10% (& ()- c(10% (& ()- c(10% (& () -

C(lo%l(&f()duf£&9%3£§:&ﬂdef(égﬁgééﬁé}és of high temperatures and high

humidity and light exposure, and thus, the applicable
fields of such polybenzazole fibers or filaments become

markedly wider, thereby contributing much to the industries.
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2. ¢(10% ( 3( h( 10% ( & ?}Y%?%%%@/l?& 1pens 0 05t 12T ES(RTTOBE (& E5R9(AC 100 (
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() (h £ ené%h retengion of 85% or higher after exposed to an

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

of 80% for 700 hours.

2. Polybenzazole fibers or filaments according to
claim 1, characterized in that the fibers or filaments have
10 a strength retention of 50% or higher when exposed to light

from a xenon lamp for 100 hours.

3. Polybenzazole fibers or filaments according to
claim 1, charaéterized in that the fibers or filaments
15 contain in themselves an organic pigment having heat
resistance as high as a tﬁermal decomposition temperatufe

of 200°C or higher, and soluble in a mineral acid.

4. Polybenzazole fibers or filaments according to
20 claim 1, characterized in that the organic pigment
contained in the fibers or filaments has group(s) of -N=

and/or NH- in the molecule.

5. Polybenzazole fibers or filaments according to

25 claim 1, characterized in that the organic pigment
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6. Polybenzazole fibers or filaments according to
5 claim 1, characterized in that the organic pigment
contained in the fibers or filaments is any of

phthalocyanines.

7. Polybenzazole fibers or filaments according to
10 claim 1, characterized in that the organic pigment
contained in the fibers or filaments is any of

guinacridones.

8. Polybenzazole fibers or filaments according to
15 claim 1, characterized in that the organic pigment

contained in the fibers or filaments is any of dioxazines.

9. Polybenzazole staple fibers having a tensile
strength retention of 85% or higher after exposed to an

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

of 80% for 700 hours.

10. A spun yarn comprising polybenzazole fibers or
filaments as at least one component, the spun yarn having a

25 tensile strength retention of 70% or higher after exposed
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75% or higher after exposed to an atmosphere of a

temperature of 80°C and a relative humidity of 80% for 700

25 hours.



FHW=f>jiV I"#$9%&R' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

U HSUR () *+, -./0123456789: ;

<=>7?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _" abcdef ghi j kIl mopqgr st uvwxyz{| } ~6Ti mes
New RomanAri al Courier New'h Root EntryWrgRocunment $

I"H#$UR' () *+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~
I"#$UR' () *+,-./0123456789: ;

<=>? @ABCDEFGHI J K&%?S%S?&ZWX@\ Lrcedbedef ghi kkLoBopaEst uxwiyziklag

| "#$9&' ()*+,-./0
<=>?@BCDEFGH JKLNNCP RS THYVEYEL L1 "5 0GARTGNT LKLMRORIr 35 HYWXHELkLT a

tensile strength retention of 80% or higher in the fiber
5 axial direction, after exposed to an atmosphere of a

temperature of 80°C and a relative humidity of 80% for 700

hours.

16. A high strength fiber rope comprising
10 polybenzazole fibers or filaments, the fiber rope having a
tensile strength retention of 85% or higher after exposed

to an atmosphere of a temperature of 80°C and a relative

humidity of 80% for 700 hours.

15 17. A knife proof vest comprising polybenzazole fibers
or filaments at least one component, the knife proof vest
having a tensile strength retention of 75% or higher after
exposed to an atmosphere of a temperature of 80°C and a
relative humidity of 80% for 700 hours.

20

18. A Dbullet proof vest comprising polybenzazole
fibers or filaments at least one component, the bullet
proof vest having a tensile strength retention of 75% or
higher after exposed to an atmosphere of a temperature of

25 80°C and a relative humidity of 80% for 700 hours.



