.1 POLYBENZAZOLE FI BERS AND THEI R UTI LI ZATION Technical Field The present
‘nvention relates to polybenzazole fibers 5 with a fine surface structure
r with a defect: ' structure, which are suitable as industria
aterials, to a m&wﬂﬁmmmaﬁmmkant menber, heat-resistant felt and the |ike

that utilize the eof . 10 Bachground Art Pol ybenzazol e fibers
have a strength and df!'8l astic nodulus that are twice or nore those of
pol ypar aphenyl ene terephthal am de fibers, typical super fibers

commercially available at present, and are expected to be next 15
generation super fipsigneienpoRRuresthEeARD! FRETR BRILRARTRBANI C acid
solution of a polybenzazol e polyner has been well known. For exanple,
spinning conditions are disclosed in U S. Patent Nos. 5,296, 185. and
5,385n702, washing and drying nethods 20 are disclosed in International

Publicatio ¥§§ [ Q47286, d further a heat treatnent nethod is discl osed
in U S. gg%enﬁﬁ%é.%gffgg,185. Di scl osure of the I nvention 25 However,

pol ybenzazol e fi-her QEF Y . r tijone onvent i.onal..net hods
general ly have éltr%l% z)_qw ?’bér)ilﬁ{r\nheﬁrloﬁls nu?tfeeqca?ng?%n © &qu&ﬁ%zo?rz%er e,lbeVeSn
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structure, which are suitable as industrial méterials, to a

|

shock-resistant member, heat-resistant felt and the like

that utilize the fibers thereof.

10 Background Art

Polybenzazole fibers have a strength and an elastic
modulus that are twice or more those of polyparaphenylene
terephthalamide fibers, typical super fibers coﬁmerciélly.
available at present, and are expected to be next-

15 generation super fibers.

To produce fibers from a polyphosphoric acid solution
of a polybenzazole polymer has been well known. For
example, spinning conditions are disclosed in U. S. Patent
Nos._5,296,185_and.5,385m702,_washing and drying methods

20 .'aré disclosed in International Publicétion W094/04726, énd
further a heat treatment method is disclosed in U. S.

Patent No. 5,296,185.

Disclosure of the Invention

25 However, polybenzazole fibers made by the
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>disclosed in U S Patent No. 5,296,185. This is an 5 obstacl e upon
ppki cations to the fields of avoiding extreme noisture absorption of
i bérs, such as an application to a high-performance high-density
=gl ectronic <circuit board for silicon chip nmounting. Neverthel ess,
pol ybenzazol e fibers are manufactured by 10 the renoval of the sol vent
froma polyner solution, and thus the generation of voids is unavoi dabl e,
and the presence of these voids is a factor of increasing water
absorbency. On the other hand, although many pol ybenzazole fibers with a

voi d size gto2émén@ioh88ScbAvbAeibhher fe@h8d35qRRERASEY hEGE gxanple, JP
6- 240653 A, JP 6-245675 A, JP 6- 234555 A, etc.), the production of these

fibers is gghileBsily A6corBLbshedtvhenckali By bRAMSHE] abyBROGHUELEAN N
terms of cost, etc. into consideration. Furthernore, the voids are very

snall,-andtm@%earengsbﬁeegéaaksdhgakot&egt%@n%i5%535§°€iBEiﬁﬂ helr0a€
renoved, whi ch becones a hindrance for the reduction.of moisture

absor bencyq; 8c¢85diinghyy . shepREgdYCHLONs0b gR0h ¥ReNzaz ke ;Ei bgrs of
Pefe

extrenely | ow wat er absorbency is not conp yet so far. hus, the

presest inxg@&9&§eh?§sﬂgﬁggh§éakﬂbﬁesk&egp§2§igadgrg%rabgiéﬁﬁg'Op

a
technol ogy for easi acturing 3 p benzazol e fibers Vi ng

extremely LopriRkehoaRearleaskorgRiah BE02Mbe, Ll PefpmLerkal or having a
gh thermal conductivity property. As a nmeans for realizing the ultinmate
physical 5,prepectigs eb bi Rehf-pabieblnBAYMRE §HSUEN 3% 2 1Rt hsd
circuit board for silicon chip mounting.
Nevertheless, polybenzazole fibers are manufactured by
10 the removal of the solvent from a polymer solution, and
thus the generation of voids 1is unavoidable, and the
presence of these voids is_a factor of increasing water
absbrbency. On;thé other hand, although maﬁy'polybénZAZole
fibers with a void size of 25 A or less in the fibers are
15 proposed (for example, JP 6-240653 A, JP 6-245675 A, JP 6-
234555 A, etc.), the production of these fibers is not
easily accomplished when taking industrial production in
terms of cost, etc. into consideration. Furthermore, the
voids are very small, and water once penetrated into the
20 sites ié.difficult to be rémoved, which'beéomes a hindrance
for the reduction of moisture absorbency.
Accordingly, the production of polybenzazole fibers of
extremely low water absorbency is not completed yet so far.

Thus, the present inventors have studied intensively

25 in order to develop a technology for easily manufacturing



94adder pol yner have been considered. However, such stiff polyners have no
Tlexibility. Then, in order to provide flexibility and processability as
organic fibers, an inportant condition is that a fiber is a |linear polyner.
=410 S. G Werschke et al. have shown that a linear polynmer with a highest
theoretical elastic nmodulus is cis- form pol yparaphenyl ene benzobi soxazol e,
in Material Research Society Synposium™Proceedings Vol. 134, p. 313
(1989). This result was also confirmed by Tashiro et al. 15 (Macronol ecul es
vol . 24, 706 (1991)). Anmong pol ybenzazol es, cis-form pol yparaphenyl ene

benzobi soxazl B dipm A1 £t g, L@*@r&ﬁeﬁiﬁ%é@er%%‘r@én%”
Mat eri al esear ch Soci ety Synposium Proceedi ngs Vol . 134, p. 329 989))

and was t houghin toriavie: ani Wl £ It & PLT TBY Y 204 Ao i giore it is

theoretically concluded that pol yparaphenyl ene benzobl soxazol es shoul d be
sel ected as.oRRWBSF S Lal in order to obtain the ultinmate elastic
nodul us. Fi‘%r productgggflrdﬁ§¥he polymer is perfornmed by the 25 nethods

as discl osed i n(#é .aS'méDﬁse%doWe%gi%%gg 1%;39? al?ijtﬂna%rz %%go%%ggal heat

treatnent there is carried out hod "as in U S. Patent
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polymers have no flexibility. Then, in order to provide
flexibility and processability as organic fibers, an
important condition is that a fiber is a linear polymer.
10 S. G. Wierschke et al. have shown that a linear
polymer with a highest theoretical elastic modulus is cis-
form polyparaphenylene benzobisoxazole, in Material
Reséarch Soéiety Symposium'Préceédings.Vol. 134,.p. 313
(1989). This result was also confirmed by Tashiro et al.
15 (Macromolecules vol. 24, 706 (1991)). Among polybenzazoles,
cis-form polyparaphenylene benzobisoxazole has a
crystalline modulus of 475 GPa (P. Galen et al., Material
Research Society Symposium Proceedings Vol. 134, p. 329
(1989)) and was thought to have an ultimate primary
20 stfﬁéture; 'Theréforé, it is'theofétically concluded.thét
polyparaphenylene benzobisoxazoles should be selected as
polymers for material in order to obtain the ultimate
elastic modulus.

Fiber production from the polymer is performed by the

25 methods as disclosed in U. S. Patent Nos. 5,296,185 and



?J.nprovenent of these nethods, and studied and found out that the desired
physi cal properties are readily 10 industrially attai nable by the nethod as
described hereinafter, even if a void size is 25. 5 A or nore dianeter in
~fibers. Brief Description of Drawings 15 FIG 1 (1) shows a photograph of
the fiber of the present invention in tbe range of 5 n2 as observed by an
atom c force mcroscope (AFM and FIG 1" (2) expresses the roughness
(height) in the one dinensional range (direction parallel to the fiber
axis) indicated by the white line in 20 FIG 1 (1) as a function of the
di stance. H Gg= AiOWHA: VAL Lahd o0 ExFRb £ O %}@aff‘%@dc&ﬁ €cpgnd a

crystallite ‘orientat’i on angl e when observing t surf e of the
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have recognized the necessity for studies on the
improvement of these methods, and studied and found out
that the desired physical properties are readily

10 industrially attainable by the method as described

hereinafter, even if a void size is 25. 5 A or more

diameter in fibers.

Brief Description of Drawings
15 FIG. 1 (1) shows a photograph of the fiber of the
present invention in the range of 5 um’ as observed by an
atomic force microscope (AFM) and FIG. 1 (2) expresses the
roughness (height) in the one dimensional range (direction
parallel to the fiber axis) indicated by the white line in
20 FIG. 1 (1) as a functioﬁ.of the distance. |
FIG. 2 shows an evaluation example of a lattice image
and a crystallite orientation angle when observing the
fiber surface of the present invention by means of an
electron microscope (e.g. Phillips TEM-430).

25 In FIG. 3, the left-side drawing illustrates a bright-



~J4nvention. FIG 6 shows the relationship between the <sin 2(D> and stress
‘of a fiber relating to the present invention. 15 Detail ed Description of
the Invention A fiber surface structure requires conpactness in order to
=Ffurther reduce the equilibriumnoisture content of polybenzazol es. That
is, the first invention is. a pol ybenzazgl e fiber 20 characterized by the
mean square roughness of the fiber surface being 20 nmor |ess, and
further preferably a polybenzazole fiber characterized by the crystalline
orientation angle of the fiber surface being 1.3 degrees or less, a fiber

charact eri zegb Ry {Meg@a | 4Hrh UM IDLSEAT 8201 69NE 8N PRLOY Q oﬁcf/épﬁlﬁess or

a pol ybenzazole fiber t' 6 characterized in that the nunber cycles to

the rupturend Nt heeAbr ashon: 1 83} tﬁeﬁzﬁpt@rcﬂp £e fhdope GPIRIAS N

pol ypar aphenyl ene benzobi soxazole (PBO~ and pol yphosphoric aC| |s spun

froma spi npgtel .¢he J@g{@ﬁfg&{m@téfb@r ﬁnprf’rﬁuﬁﬁgc yapé‘éféé'g abgpugh the

steps of coagul ation, neutralization, water i ng, drying,
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there is a net aV|ng cl osel

orientgd th gwi/ﬁc%aéhéwgs SEIH%’ a%’ien%é‘d:%Fe&“éi?&fr&[?r&if?rgétigﬁ‘ fiber . I

t he presen I nventi on e Cr structure t he surface
of a polybegggggig fi ber was successfully nade

FIG. 4 is a schematic diagram of an apparatus for
measuring an X-ray half-value width factor.
FIG. 5 shows the relationship between the half-height
10 width and stress of a fiber relating to the present
invention.
FIG. 6 shows the relationship between the <sin’$> and

stress of a fiber relating to the present invention.

15 Detailed Description of the Invention
A fiber surface structure requires compactness in
order to further reduce the equilibrium moisture content of
polybenzazoles.
That is, the first invention is a polybenzazole fiber
20 characterized by the meah squere roughness of the fiber
surface being 20 nm or less, and further preferably a
polybenzazole fiber characterized by the crystalline
orientation angle.of the fiber surface being 1.3 degrees or
less, a fiber characterized by the equilibrium moisture

25 content being 0.6% or less, or a polybenZazole fiber



- dense, and a pol ybenzazole fiber, the water absorption of which is
‘suppressed | ow, was obtained industrially. 15 The crystal structure in the
surface of such a fiber 1is characterized by the nean square roughness of

<%t he fiber surface being 20 nmor less, and further preferably the fiber
is characterized by the crystal orientaiéon angle of the fiber surface.as
being 1.3 degrees or less, or 20 characterized by the equilibriumnoisture
content as being 0.6%or less, or is a polybenzazole fiber characterized
in that the nunber of cycles to the rupture in the abrasion test is 5200

or nore. Tharafang: A& PHESEMt |EVENLAN - QYETCAMRSs the HRehnisalre

difficulties thus far in the 25 technical background, provides a

pol ypar aphq%ﬁ% a%ré&&é?ﬁé&%%'&&d g@%,méﬂe equi li brium noi sture

content of IS m oser to zer y realizing a particular
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by removi ngar%&%esaaé V@Petat!xﬁgr%t@gdgglg{?éss. To reduce the equilibrium
moisture content low, there is a method of making a fiber
having closely packed and highly oriented the crystal
10 structure in the surface portion of the fiber. 1In the
present invention, to that end, the crystal structure in
_thg surface of a polybenzazole fiber was successfully made
deﬁse, and a'polybénZazoié fiber, fhe water'abéorbtién of
which is suppressed low, was obtained industrially.
15 _ The crystal structure in the surface of such a fiber
is characterized by the mean square roughness of the fiber
surface being 20 nm or less, and further preferably the
fiber is characterized by the crystal orientation angle of
the fiber surface as being 1.3 degrees or less, or
26 ~ characterized by the.equilibrium moistﬁré Eontent as being
0.6% or less, or is a polybenzazole fiber characterized in
that the numbér of cycles to the rupture in the abrasion
test is 5200 or more. Therefore, the present invention

overcomes the technical difficulties thus far in the

25 technical background, provides a polyparaphenylene



..15 solution. For this reason, while many nethods of preventing decreases
I n physical property of the fibers by reducing the void sizes to 25 A or
less in the fibers are proposed (for exanple, JP 6-240653 A, JP 6-245675

+3A, JP 6- 234555 A etc.) are proposed, production of these fibers is 20 not
‘easi |y acconplished when taking industrHaI production in terns of cost,
etc. into consideration. Nonetheless, it is essential to reduce defect
structures present in a fiber structure in order to inprove the thernal
conductivity of a polybenzazole fiber. 25 As discussed above, a dope

conpri si Ngzan' Wl s_o%%! 2REr anheny! eng lé‘”ﬁﬁgﬂ'b%q){ﬂnz griog s(ﬂl?ﬁ@ c%?\q: ent

o%.
pol yphosphoric acid is spun froma spihneret noz ereafter, a fiber

i's pr Oduce@JhQ%W%%.Sim%Qiet &%"é%t} tél)e z%tr%o%f%e%%ggzﬁlng iao arl{lﬁ:"ﬁ'}élz?g | zation,

wat er washi ng, drying, and heat treatnent ress. tion, in

order to quﬁg t t Al ductj vi it | .t hat def ect
structures s cf]t%alslll%gn%grr%n%?lp a&&%ﬁh%@,/ e\L/r\}&;ai,bclh(':'Sprt('sanvé(’aﬁlq1 %Sgﬁlhagr mal vi bration
propagatio f f.i ber,, renoved as nuch as possible. This time; to this
end, the i &gﬁ¥%¥goﬁb&%m§%§€§ssfulIy 10 changed the inner structure of a
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crystallites and the presence of molecular ends and
amorphous portions as is shown by Ohta in Polymer
Engineering and Science, 23, p. 697 (1983). The presence
10 0f these defects causes the prevention of thermal
vibrations and sound wave propagation, thus reducing the
thermal conductivity. However, the generationlof.voids_in
" a polybenzazole fiber is ﬁnavoidable inasmuch as the fiber
is manufactured by removing the solvent from the polymer
15 splution. For this reason, while many methods of
preventing decreases in physical property of the fibers by
reducing the void sizes to 25 A or less in the fibers are
proposed (for example, JP 6-240653 A, JP 6-245675 A, JP 6-
234555 A, etc.)_are proposed, production of these fibers is
20 not easily accompiiéhed when takiﬁd.industrial proauction
in terms of cost, etc. into consideration.
Nonetheless, it is essential to reduce defect
structures present in a fiber structure in order to improve

the thermal conductivity of a polybenzazole fiber.

25 As discussed above, a dope comprising



s~ dreridional diffraction half-height width factor is 0.3/GPa or less. Mre
preferably, the present invention relates to an invention concerning a
pol ybenzazol e fi ber wherein the anmount of reduction of the elastic nodul us
~3due to a 20 nol ecular orientation change is 30 GPa or less, a
pol ybenzazol e fiber wherein the T1H (progon) relaxation time is 5.0
seconds or nore, a polybenzazole fiber erein the T1 (carbon 13)
rel axation tine is 2000 seconds or nore, a polybenzazole fiber wherein the
thermal conductivity is 25 0.23 Wcm K or nore, a pol ybenzazol e fi ber

wherei n trmbéﬁyﬁﬁ%éﬁﬁéﬁ?ﬂéhéaﬁéﬁ&oﬁ&séf@t@f@apﬁé@ﬁ §ﬁ@f55f§§ﬁ%sﬁ§0615 per

mllion or 1ess, or a polybenzazole fiber wherein the fiber elastic

modul us s a?@JPd Fa quﬁvffomwgﬁixglﬁﬁwf %ﬁpﬁ@! e iggﬁéﬁ#eﬁj oy 9{]10&5

pol ypar aphenyl ene benzobi soxaz er wth remar I ght thernal
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10 of a polyner conpris ara ZoDbl Soxazol es 1S extruded
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yarn. ?his yarn is Thitoduced 0 a’'so yT ng an osphoric

acid contained. in.the ya s_extracted. Th arpn then subjected to 15
TRttt AR Sl AC A7 RTINS S L N
found that anpol%gengazole géthw ense ;ngﬁt gHéfgﬁgrﬁglOQE %n ng by heat
treatnent at 500 -%? %?gﬁ%? ! P atio

propagation of a fiber, be removed as much as possible.
This time, to fhis end, the inventors have successfully

10 changed the inner structure of a polybenzazole fiber into a
defect-free structure and also have industrially obtained a
polybenzazole fiber exhibiting a high velocity of sound
propaéation. | |

That is to séy, the second invention is a

15 polybenzazole fiber characterized in that the X-ray
meridional diffraction half-height width factor is 0.3°/GPa
or less. More preferably, the present invention relates to
an invention concerning a polybenzazole fiber wherein the
amount of reduction of the elastic modulus due to a

20 molecular orientation change is 30 GPa or less, a
polybenzazole fiber wherein the T,, (proton) relaxation
time is 5.0 seconds or more, a polybenzazole fiber wherein
the T, (carbon 13) relaxation time is 2000 seconds or more,
a polybenzazole fiber wherein the thermal conductivity is

25 0.23 W/cm K or more, a polybenzazole fiber wherein the



- under a constant stress. The present invention will be further described in
20 detail hereinafter. A pol ybenzazol e fiber in the present invention
refers to a random sequential or block copolynmer with a polybenzazol e,

~ %t he copol yner containing a PBO honopol yner and substantially 85% or nore
‘of a PBO conponent. Here, a 25 polybenzggole (PBZ) polyner is described,
for exanmple, in U 10 S. Patent No. 4,703,103 (Cctober 27, 1987), 'Liquid
Crystal l i ne Pol yner Conpositions, Process and Products”; U S. Patent No.
4,533,692 (August 6, 1985) Liquid Crystalline Polynmer Conpositions,

Process andilRI4Qipi’c fdctyrSo FatRt Aiord 2ok {(AUHS T H14 1D
"Liquid Cryétalllne PO|;: 2,c% Benzé?ﬁ?gEo e) é%npgéltlong' Procgﬁg

Products”; ]ﬁonp%trerlteégq ot 5&3%0@3%4 %F}b]egtﬁct 1 ebll'd 3%1&? flbe

Crystalllne = ymer Conpositions, ocess an u.

S. Patent A O 4 Q$pﬁﬁﬁ3ﬁ5 'ThernDOX|dat|ve Iy Stable
1

Articulategg' 4tﬁ'enzcg)blsoxazo e an é@nzo |soxazole Pol ymers" by Evers;

. S. Ng% Ki
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cont aied | a&%%gwmﬁbenag%e&oﬁs%g ly aslaeted,f romdyonipi ¢ |iquid

crystallin nomer uni erably rlse nMonNonmer -“units
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(a) to (d). For the manifestation of the aforementioned structural
characteristics, the points of the present invention can be
realized by the following methods. 1In other words, a dope
10 of a polymer comprising polyparaphenylene benzobisoxazoles
is extruded into a non-coagulation gas from a spinneret
coagulation.to give a spun yarn.: This yarn is introduced
into a sdlidifyihg bath and the phosphoric acid contained
in the yarn was extracted. The varn then subjected to
15 neutralization, water washing, drying and heat treatment.
It has been found that a polybenzazole with dense fiber
surface is obtainable by.heat treatment at 500°C or higher
under a constant stress.
The present ‘invention will be further described in
20 detail ﬁereinafter. |
A polybenzazole fiber in the present invention refers
to a random, sequential or Dblock copolymer with a
polybenzazole, the copolymer containing a PBO homopolymer

and substantially 85% or more of a PBO component. Here, a

25 polybenzazole (PBZ) polymer is described, for example, in U.



ﬂ)CO 20 (al (b) 011 d~0OS (c) c~) sN Nc: Col (g a~ 5 (h O
.. Suitable solvents for substantially form ng a dope of a polyner
conprising PBGs include cresol and non-oxidizing acids capable of

- 9di ssol ving the pol yner. Exanples of 10 suitable acid solvents include
pol yphosphoric acid, nethanesulfonic agiyd, highly concentrated sulfuric
acid, and mxtures of these. Mre suitable solvents include
polyphosphoric acid and nmet hanesul fonic acid. In addition, 12 the nost
sui tabl e solvent is polyphosphoric acid. The concentration of a polyner in

the solventgis ppraferahby ay,heashoaboyboctyy wei 79ht,19'§3ii)e pref egaphy at
| east 10% by wei ght, and nost preferably 14% by wei ght he maxi fum

concent ral iR, da, fidd BIAHOP. cofPo S1EIBAS, BYocdbd Uaha hanshiogs Py operti es
such as the solubility of

' S. Patent No. 4,533,692 (August 6, 1985), "Liquid
Crystalline Polymer Compositions, Process and Products”; U.
5 S. Patent No. 4,533,724 (August 6, 1985), “Liquid
Crystalline Poly(2,6-Benzothiazole) Compositions, Process
and Products”; U. S. Patent No. 4,533,693 (August 6, 1985),
*Liquid Crystalline Polymer Compositions, Process and
Products” by Wolf et al.; U. S. Patent No. 4,539,567
10 (November 16, 1982), “Thermooxidative-ly Stable Articulated
p-Benzobisoxazole and p-Benzobisoxazole Polymers” by Evers;
U. S. Patent No.4,578,432 (March 25, 1986), “Method for
making Heterocyclic Block Copolymer” by Tsai; and the like.
Structural units contained in PBZ polyﬁers are
15 preferably selected from lyotropic 1liquid crystalline
polymers. Monomer units pfeferably comprise monomer units
indicated by the structural formulas (a) to (h) and more
preferably comprise essentially monomer units selected from

the structural formulas (a) to (d)
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20



. polynmer and a dope viscosity. Because of these [imtation factors, the
‘pol ynmer concentration does not exceed 20% by weight. 10 Suitable polyners,
copol ymers or dopes are synthesized by well-known nethods. For exanpl e,
~gthey are synthesized by nethods disclosed in U S. Patent No. 4,533, 693
~(August 6, 1985) by Wlfe et al.; U S, ,Patent No. 4,772,678 (Septenber
20, 1988) by Sybert et al.: and U S. Patent No. 15 4,847,350 (July 11,
1989) by Harris. A polynmer substantially conprising PBOs can be highly
polynerized at a high reaction rate at a relatively high tenperature under
hi gh shear in a dehydrating acid solvent according to U. S. Patent No.
5, 089, 591 (Febryar 8, ~A1992)h by G-e¢ et al. 20 In this way, a
pol yrmeri zed do s sUp ed pinni ng part and is spun froma
Spi nneret nornma a8 Aepe 100C or higher. An arrangenent of
holes in tla¢ sp\nneret is usually ™M circunferentially and in a lattice
form but other arrangenents are al so acceptable. 25 The nunber of the
holes in the spinneret is not 13 particularly limted; however, with the

arrangenent of they spi pni ngghol es he spinneret face, the hole density
needs to be mai nde f
occur. 5 S y e M Bs_ a L

R%u. : % No¥

fusi on anobng spun yarn not to
TTength of a sufficient length as
di sclosed in’ at ent 5, 2961 and is also desirably cool ed
uniformy via rectified cooling wwind ‘of a relatively high tenperature
(solidification

fery
oy

Suitable solvents for substantially forming a dope of

a polymer comﬁrising PBOs include cresol and non?okidizing
acids capable of dissolving the polymer. Examples of
10 suitable acid solvents include polyphosphoric acid,
methanesulfonic acid, highly concentrated sulfuric acid,
and mixtures of these. More suitable solvents include

polyphosphoric acid and methanesulfonic acid. In addition,



- tenmperature or higher of a dope and the spinning 10 tenperature or | ower)
“in order to obtain an adequate stretch draw ratio (SDR). The length (L) of
the draw zone requires a length in. which solidification is conpleted in a

- @enon- coagul abl e gas and is roughly determ ned by the anount of discharge by
a single pore (Q The taking-out stress;15 of the draw zone is desirably 2
g/d or nore in terns of polyner (assung that only the pol yner undergoes
the stress) 1in order to obtain good fiber physical properties. The yarn
drawn in the draw zone is then introduced into an extraction (coagul ation)

bath. Becaugfe Gfost Nt a2 SBTVENY €156 DR Jﬁ%ldfé 2@ qthe extracting
bath does not need to be taken into account any forns of extracting

bat hes are accepiabl @onfReB8S Jror c¥seai NG +Pﬂﬁé@ fiypneh e t ¥vaeﬁtMB4§r

bath type, an aspirator type and a waterfa type. Desirable extracting

|1 qui ds T NGhHOE Sippsphol 6625286 aquw%qe%%}h%t'%@éﬂdpy@% {ab Wt

phosphoric "aci d 14 contained in t e yarnvin e éxtractin

t ted % farab
00, 506 or mor e S i Aorae o e n e e S e e b 'e%ﬁé’f‘%t. on
are nog pargl LUl | &}r&@g%tnlgy&} el el ablys Loelage vel ?@Sfiha“g'

et hano acet one, ar e substan

' nconpatl bl I’S%%P h%n%ql%%enég gle?eagg aé{géﬁl 9 H‘l‘g & c%lu 1]!19:n t?‘le

(coagul ati o nto an arrangenen

concentratioh gfea gmsghg[ bhE 39'sfdqueous Ralid on, %, e 1P f efypeg,one

by one, yarn nmay al I'y "be "washed

factors, the polymer concentration does not exceed 20% by

weight.
10 . Suitable polymers, copolymers or dopes are synthesized
by well-known methods. For example, they are synthesized

by methods disclosed in U. S. Patent No. 4,533,693 (August
6, 1985) by Wolfe et al.; U. S. Patent No. 4,772,678
(September 20, 1988) by Sybert ét al.; and U. S. Patent No.
15 4,847,350 (July 11, 1989) by Harris. A polymer
substantially comprising PBOs can be highly polymerized at
a high reaction rate at a relatively high temperature under
high shear in a dehydrating acid solvent according to U. S.
Patent No. 5,089,591 (February 18, 1992) by Gregory-et al.
20 | In this way, a polymerlzed dope is supplled to the
spinning part and is spun from a spinneret normally at a
temperature of 100°C or higher. An arrangement of holes in
the spinneret is usually made circumferentially and in a
lattice form, but other arrangements are also acceptable.

25 The number of the holes in the spinneret is not



- mater. Furthernore, desirably, the fiber bundles are neutralized using a
'sodi um hydr oxi de aqueous solution, or the like, and then are washed with
wat er. A nethod of making dense fiber surface structure, 15 which is

~%articularly inportant in the present invention, wll be described. To
prevent humdity absorption, it beconessan inportant factor to realize the
high crystallite orientation of the fiber surface. Therefore, it is
inportant to change the structures in the inner and outer 20 |ayers of the
fi ber by reducing the solidifying speed of the fiber dope in the

extracting siepi cEf 4Ly yeneLAodowelcgeciaasi ngd !‘aerfa%d'cgi’rléryﬂ NYr SpREC

i nvol ve increasing the concentration of a phosphoric acid aqueous solution

inthe solidifyiRg $R14d 0Bn |oyer isg%ntnréefel%at ?a&@”p%}?é UL81 eBNdefBity

sel ecting a non-aqueous coagul ant agént. An opt mal concentrati on of

the phosphogigsacid aguegus, Salidd i % rejﬁﬂg es n %
desirably 55% or m)rg aﬁ% %*be gﬁ%% gﬁ%égozggdggﬁer ably Jé’oog%égﬁo?ggénd
bel ow 65% igh oncentration, the larger the effect, but 5 when
t he concent¥%?§dﬁ6?s€%'%ﬁg?ffhan required, the strength of the fiber is

educed, i o | 8,801 BERT SEalheoc ING S0P IREE 2l Gl 05, bat

may be any tenperatu § "about or lower;
eTperatur oL g RIS ot B S PERMEESGENCLO R cunt Jhe et
The tenperalig Lgs;PLELG" AR W WHiESAG v SIRETALW £ {80988 1 4F §2na30C
of a relatively high temperature (solidification
temperature or higher of a dope and the spinning
10 temperature or 1lower) in order to obtain an adequgte
stretch draw ratio (SDR). The length (L) éf the draw zone
requires a length in which solidification is completed in a
non—éoaéulable gas and is rbughly determinéd”by the amount
of discharge by a single pore (Q). The taking-out stress
15 of the draw zone is desirably 2 g/d or more in terms of
polymer (assume that only the polymer undergoes the stress)
in order to bbtain good fiber physical properties.
The yarn drawn in the draw zone is then introduced
into an extraction (coagulation) bath. Because of a high
20 spinning.tension, disorders of the extractiﬁg bath does not
need to be taken into account, and any forms of extracting
bathes are acceptable. Examples for use include a funnel
type, a water bath type, an aspirator type and a waterfall

type. Desirable extracting liquids include a phosphoric

25 acid aqueous solution and water. The phosphoric acid



. .nore preferably within the tenperature range of 0C to - 15C. Wen a
‘non- aqueous coagul ating agent is selected, 15 preferable solvents are
organi ¢ solvents conpatible with water that include al cohols such as

- <et hanol and net hanol, ketones such as acetone, and glycols such as
‘et hyl ene glycol. O course, a plurali tYq of the aforenentioned non aqueous
coagul ati ng agents and water may be adm xed for 20 utilization.
Thereafter, the fiber is dried and passed through a heat treatnent
process. The drying tenperature is taken as a tenperature that does not

reduce the J4efi iid engt bneMLen %Hﬁ%ﬁé cakl¥abt oy 183Ent 40 dgi ve,
preferably from 25 200C to 300C inclusive, and nore preferabl rom 220C to

16 270C i ngl ugi Vé?noluw deadq tgeal e de é‘t @féEak; re 2 g‘?{é(?ua%%)oc

inclusive, preferably trom SOOC to 680C inc I ve,

from 550C t&%@.%% i ocl yspye. ﬁa&de fiskar 4 rel %ﬂrfa%t%gl C*}@ecﬁ cong the

I nventi on; e nean square rougnness O the fl sur ei1s 20nmo

less, pref oo rATERELLESS. @d ¢ BRELEEARRY 10, Tt ed ess f he

crystallit orlen ation- an sur ace i rées Or |ess,

f bl d |
prererably o dedeglps A0 0] s SRS B

equl | I 'um nolsture cont e 'ess pre

| ess, and r’reot_[%ﬂ{ esteéflgééﬁgogj}{%gﬁ ae%s sl 1@’68%1& cl eﬁjebloeabre kage

in the abr asi nore,” pre era

preferably 60 éﬁ§be£§g§61e In addition, the extraction (coagulation)

bath may be separated into an arrangement of stages, the
concentration of a phosphoric acid aqueous solution may be
10 reduced one by one, and the yarn may finally be washed with
water. Furthermore, desirably, the fiber bundles are
neutralized using a sodium hydroxide aqueous solution, or

the iike,'and theﬁ”are washed-with.water. |
A method of making dense fiber surface structure,
15 which is particularly important in the present invention,
will be described. To prevent humidity absorption, it
becomes an important factor to realize the high crystallite
orientation of the fiber surface. Therefore, it 1is
important to ehange_the structures in_the inner and outer
20 leyers of the fiber by reducing the sdlidifying speed bf
the fiber dope in the extracting step. Effective methods
of decreasing the solidifying speed involve increasing the
concentration of a phosphoric acid aqueous solution in the
solidifying solution, lowering the bath temperature, and

25 selecting a non-aqueous coagulant agent. An optimal



.15 a void sizeis 25. 5 Aor nore, preferably 30 A or nore and |ess than
150 A, and nore preferably 35 A or nore and |less than 90 A In addition,
i ndexi ng of diffraction points wused in the present invention is in

-<accordance with the crystal nodel proposed by Fratini et al. (Mterial
‘Research 20 Society_Synposiun1Proceedig§s Vol . 134, p. 431 (1989)). The
nmean square roughness Rns of the fiber rface was eval uated by neans of
the atom c force mcroscope (AFM. As the AFM used was SPI 3800N- SPA300
from Sei ko Instrunents (SIl) Corp. As the probe used was a rectangular S

boom 25 { SbEAea S 6ol e vbhDegnaPrLg Al ailonl SR L,

cbaorvi ng .o e en Al cledf chdR A6 CH PRI D EELER M B et or

O o " PSR! g AR LE0, PRERY | el . BGOSR g

and drieq Bt st nerne R G I e nathe S i PR e

By moahs ol A oct f meRNGRALTFORR cor cCEBr Vi 4T ATRCHER Sof (0w e,

pr oduced. whEH THET raber 8 T Rae Sowg airart: IR iy ARPESFEEFALTon vas

per f or med after_th an sguare roughnes of a square with a side

of 3 pm onl y*%f ?ﬂ%g%gﬂgfﬁg p ?PPSﬁaﬁﬁ ecoP&e?&%& udi t HY be “any
temperature if it is about 5°C or lower; however, if the
temperature is reduced to too 1low, which produces dew

10 around the bath, and so it 1is not preferable for the
operation of manufacturing machinery. The temperature is

- preferably within the temperature range of 4°C to -30°C,
more préferably within the tempefatﬁré rangé of 0°C to -
15°C. When a non-aqueous coagulating agent is selected,

15 preferable solvents are organic solvents compatible with
water that include alcohols such as ethanol and methanol,
ketones such as acetone, and glycols such as ethylene
glycol. Of course, a plurality of the aforementioned non--
aqueous coagulating agents and water may be admixed for

20 utilization. . |

Thereafter, the fiber 1is dried and passed through a
heat treatment process. The drying temperature is taken as
a temperature that does not reduce the fiber strength, more

specifically from 150°C to 400°C inclusive, preferably from

25 200°C to 300°C inclusive, and more preferably from 220°C to



. .attached software. A neasurenent exanple is shown in FIG 1. GObservations
‘were randomy nade at ten sites or nore, each Rms was eval uated, and the
nmean val ue was cal cul ated. 20 Mreover, the Rrs can be expressed using
sEquation 1: Rrs = [(11N) E(Z - Z) z ]0*" Equation 1 wherein Zi is a height
at each neasurenent point, Z is a mean hei ght throughout the entire
measurenent sites, and N is the nunber gf measurenent points. 25 FIG 1
(1) shows a neasurenent exanple in the range of 18 5 n2 and FIG 1 (2)
expresses the roughness (height). in the one dinmensional range (direction

parai el Lo e fifelusayts) Il cakad R dMAL  LehbDfalBLEl G5 1eldy a5 @

function of the distance. 5 Athin strip pe rom er surface is

anal yzed qyakgagqﬂr%priﬂgﬁu%%%%z?Eggﬁéggég§ngﬁ%%fps3eg&ej£g é@@ocfiber

surface by the observation w e onrc mcroscopy (for

exanple, Phill4j ps: JEM4 J J ir a lodi Soluytson
dil uted mﬁPhh%%ﬂgg§§hylgg%eta%%eis %%%%?2& rea§£%% agé ags p ateégéde
sever al piq%?ﬁdgig'ber single yarn are placed thereon. After the sol vent
of the coll'odion solution is evaporated and the solution is solidified,

on the mark

Lhe T1ger 1o pecked oulugly Lhe@lR0s ol ale ool bl Lo 0N, Lhe fBLk
fi ber surface body_peeled fromt fiker can bg observ using a
stereoscopi%9$ﬁ%?o§§88épefﬁi§ﬁ%ogﬁ?oﬁqﬁ rbu?uﬁﬁ?cemﬂFh kﬂWfégbrl?ﬁﬁ'like
in a size O;grgpelaa%)ﬂt/ %.Gmnnnslq%%reless, and more preferably 10 nm or
less; the crystallite orientation angle of the fiber
surface is 1.3 degrees or less, preferably 1.1 degrees or
10 less, and more preferébly 0.9 degree or less; the
equilibrium moisture content is 0.6% or less, preferably
0.55% or less, and more preferably 0.5% or less; the number
of cycléslfo.breakége in the Abrasidn'téSt is'5200 or more,
preferably 5600 or more, and more preferably 6000 or more;
15 a void size is 25. 5 A or more, preferably 30 A or more and
less than 150 A, and more preferably 35 A or more and less
than 90 A. In addition, indexing of diffraction points
used in the present invention is in accordance with the
crystal model proposed by Fratini et al. (Material Research
20 Soéiety Symposium Proceedings Vol. 134, p. 431 (1989)).
The mean square roughness Rms of the fiber surface was
evaluated by means of the atomic force microscope (AFM).
As the AFM used was SPI38OQN—SPA3OO from Seiko Instruments
(SII) Corp. As the probe used was a rectangular Si boom

25 (Si-DF3 from SII Corp.) with a spring constant of 2 N/m, a



.along with the filmof the collodion and the material thus 20 obtained is
‘put on a mcrogrid for electronic mcroscope observation available from

Ni sshin EM Corp. or on a holey carbon filmavailable from Agar Scientific
<Corp., with the face, on which the surface thin strip of the polybenzazole
fiber is stuck, placed thereon. The material is 25 transferred into a Petri
dish with alid and is allowed to 19 stand under the coexistence with an

i soanmyl acetate vapor for several hours to thereby stick sufficiently the
thin fiber strip to the mcrogrid. Thereafter, isoanyl acetate was

further addp&?selt%ﬁtmﬂ%n C5 0GLdth | S5 1 BUEHRCEENET 8 Deic2e 880 £ hEN, ﬁlhe

material is al to stand over night. After the collodion filmi

flowed off ptigo ok bdMnds waBdZLal £Y. 2 ADcEhAEL ﬁﬁ'd”tﬁ O5£#Pfio Swa@ed at

a magnification of 200,000 tines or nore at a resolution o servatlon

wi th corre%ép@céga AStigNBaLds 1111@ eliigr t'?héoméé(@gf&ﬁén{:h@agagggﬁ

sanple of a thi I ber strlp ectron.beam m ni nal | exposure

time requirgd-fory aqpe-g ﬁiﬁﬁl AVEE R e Ts IS @edg‘gktghn §h§ecgggﬁ ngd t he

total irradiation tine 0 | Iu I ng the correc asti

restrigted %ﬁ#?&@l?ﬁgﬁg£aifgllEgetﬂf e Jdier GQ%L?t%QQ %Qﬁgpe,b%t

el ectronic rac attern haV|n a suffici’ent reso can

observed) whgect hgyyf yahah:ls%l ugg%sxﬁgdyewfgc?%l Rl On PAANS Rl heatecord

of a lattice r'mge wt ution ron m'croscopy,

\?MOt ﬁgﬁt “g?laxh%él{g%{éﬂngﬁts 9%8! OQfQ?HéanguglnSdak DniReffedeygh QP BY Sgkution
gi ng  prare
ethanol and n-hexane and dried and then used. The
observing field range was a square with a side of 5 pm.
10 After observation, two-dimensional treatment was performed
by means of three-dimensional slope correction wvia an
attached software. The presence of curvature of- a fiber
takes aecount of the dietertion produced when the iﬁage.wes
made two-dimensional, and thus calculation was performed
15 after the mean square roughness Rms of a square with a side
of 3 um only of the central portion was corrected using the
attached software. A measurement example is shown in FIG.
1. Observations were randomly made at ten sites or more,
each Rms was evaluated, and the mean value was calculated.
20 Moreover, the Rms can be expressed using Equetion 1:
Rms = [(1/N) ¥(Z, - 2,)% 1°° Equation 1
wherein Z; is a height at each measurement point, Z, is a
mean height throughout the entire measurement sites, and N

is the number of measurement points.

25 FIG. 1 (1) shows a measurement example in the range of



. System (e.g. JECL Pixsys TEM is utilized. A lattice imge taken is
printed on a photographic printing paper. There 1is observed a state in
which lattice fringes of the (200) diffraction |lies alnost parallel to the
-«fiber axis. The 25 angle 1 formed by two lattice axes of the (200)
diffraction 20 of two neighboring crystgllites is defined as the
crystallite orientation angle. FIG 2 shows an evaluation exanple of an
observed lattice image and a crystallite orientation angle. A hundred or
nore of crystallite pairs 5 are observed and the values are averaged to

evaluate tfie gt yaidl birke of | epf aki®hednglse Iie GhyRhabLI (ReALhe)t afi on

ratio of the fiber center to the surface is evaluafed by nmeasuring a

sel ect ed- ar C C p a I hRant t
10 by thi ni S Ut e e P hera P RBRel R SRR EbplRata i3 o EF LR

with a Spur 1%0X3in6§%' Rl b0 ApEULHABAOE. 15 akheret Lo aad 14 an

oven at 70C over ni.ght ication and fixation thrs resin

bl ock is @%ﬂg rbfﬂkﬁgt 5gone avai l able from Lei helt Corp. 15 and

polish is perfornmed unti edded fi ber appears near the bl ock

surfac§ usi ng a}gl lsn k&g Qeejf'&@ff nét%prr% é} é{;\ é@}f&afectl ognéi%%%cgpared

1S
with a di anond Kni aval fom en is red

on a Coppe ncgréga QitggongsIEhEeoé:g:a)sQlaYng%@d%(itl l%L%nZOan\({%pgr?I ai;[;l%og a

The ultra-thin sec I ONS ar é place 7 an— el eStron m Cr 0S

section han rfgerbOtgh}Pace C%lﬁt/ertlffle bse?yg{ggr? p h 01'1 the élsgfu":lon
Sel ect ed- ar'ea

electronic microséopy (for example, Phillips TEM-430, JEOL
JEM-2010) . First, a collodion solution diluted with

10 isoamyl acetate 1is thinly spread on a glass plate and
several pieces of fiber single yarn are placed thereon.
After the solvent of the collodion sqlution is evaporated
:and.the solution is sdlidified; the fiber is'peéled.out of

the glass plate. At this time, on the mark after peeling

15 (on the film of collodion) attached thin strips of the
fiber surface body peeled from the fiber can be observed
using a stereoscopic microscope. This portion is cut out

with a knife or the like in a size of an about 3 mm square
along with the film of the collodion and the material thus

20 obtained is put én é microgrid for:electronic.micfoscope
observation available from Nisshin EM Corp. or on a holey
carbon film available from Agar Scientific Corp;, with the

face, on which the surface thin strip of the polybenzazole

fiber 1is stuck, placed thereon. The material is

25 transferred into a Petri dish with a lid and is allowed to



.electron diffraction patterns are taken for both the surface and the
‘center parts. FIG 3 shows a bright-field 25 inmage of the ultra-thin
section and a portion (diameter 0.3 21 pn) in which a sel ected-area
-<electron diffraction pattern is taken, as well as a nmeasurenment exanple of
‘a selected- area electron diffraction tern neasured. The record of the
image is made using a mcroscope film (ffor exanple, 5 Agfa Scientia EM
23D56, or Kodak SO 163 negative film or an inaging pl ate system In
accordance with the method by R J. Young et al. Mat. Sci., 24, p5431

(1990)), theanhabihdhe! die V4 Qiggeﬂéetaﬁtﬁe 5‘% éﬂ I ScER Egl@%ﬁ@rfrom
T

the diffraction intensity profile dlstrlbute Int ner 1 di onal

directi on oft e ) Aol 20)ul{dupctiong, stPEblqrélbe‘?ﬁléﬁetﬁé yghallite

orientation rati o of center surface is eval uat ed

Eglg'x;?bﬂglbgg SQQ%% qut i fI{? é%ﬁ#ﬁ t@ﬁeié?f fenaggagyltg%fgate

Wi di'h ace USI ng quatlon
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i s obtaine om the m croscope I'm "an nega ve ' m'density

readi 49 apRaLat igedf e eﬁ%@'rﬁlallugge Aﬂe&l (QOSERN, )0 UL ghzted In

the sid aw n rates a rlght- |nag of" an

ittt R gty et i S

(di anmet er area

SQSt;Pﬁ rlgpt SH%% dramnnqﬂ§h wfeékgggeqéfgrgéggpelectron dlffra%tlon

magnification of 200,000 times or more at a high-resolution
observation with correction for astigmatism. In order to
10 suppress the damage of a sample of a thin fiber strip due
to electron beam minimally, the exposure time required for
one-field observation is made within 5 seconds, and the -
total irradiétion time'aiso includihg ﬁhe corféction for
asfigmatism was restricted within 35% of the life of the
15 fiber (duration which an electronic diffraction pattern
having a sufficient resolution can be. observed) when the
fiber is illuminated with electron beam. For the record of
a lattice image with high-resolution electron microscopy, a
Kodak S0-163 negative film is developed using a Kodak D-19
20 | developing solution without dilution, or an imaging plate
system (e.g. JEOL Pixsys TEM) is utilized. A lattice image
taken is printed on a photographic printing paper. There
is observed a state in which lattice fringes of the (200)
diffraction lies almost parallel to the fiber axis. The

25 angle ¢ formed by two lattice axes of the (200) diffraction



.25 Crystal

orientation ratio = 20 (fiber center)/ 20 22 (fiber surfac

‘Equation 2 The water content of a fiber is determ ned by weighing aft

the fiber

is allowed to stand at 20C at relative humdity of 65% unti

- =wei ght change is not observed. 5 In other words, after the weight of a

fiber

for

equi librium- fiber weight after drying
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t he nunbér of cycles to rupture

is,

is neasured using a chem cal balapce, the fiber is allowed to s

30 mnutes in an electric oven naintained at 230C to renove the
noi sture in the fiber and then the weight is neasured again. The
equi libriumnnoisture content is 10 eval uated by nmeans of Equation 3.
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The crystallite orientation ratio of the fiber center
to the surface is evaluated by measuring a selected-area
electron diffraction pattern of an ultra-thin section made
by thinly cutting a fiber. A material made by embedding a

single fiber with a Spurr epoxy resin mixing a curing agent

is allowed to stand in an oven at 70°C over night for

solidification and fixation. Then, this resiﬁ block is
mounted.on an ultramicrotome available from Leihelt Corp.
and polish is performed until the embedded fiber appears
near the block surface using a glass knife. Thereafter, an
ultra-thin section 1is prepared with a diamond knife
available from Diatome Corp., and then is recovered on a
copper grid . of 300 mesh to thinly .conduct -carbon
vaporization. The ultra-thin secfiohs are placed on aﬁ
electronic microscope to find a section having both the
center and the surface parts of the fiber. Selected-area
electron diffraction patterns are taken for both the
surface and the center parts. FIG. 3 shows a bright-field

image of the ultra-thin section and a portion (diameter 0.3
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x 30 mA Ad%@§%§lﬁﬁ%%9%&ﬁ@ﬁ&%%f% nera.avail able fromRi gaku Co., Ltd. was



_.utilized as the optical system The X rays were nmade nonochromatic with a
‘nickel filter. As a detector was used an inaging plate (FDL UR-V)

avai lable. fromFuji Photo Film Co., Ltd. The distance between the sanple
.and the detector 5 was set at an appropriate | ength between 200 mm and 350
™m I n order to suppress an background,scattering due to air, etc.,
helium gas was filled in between the sahple and the detector. The tine of
exposure was from2 hours to 24 hours. Scattering intensity signals
recorded on the 10 inmaging plate were read by nmeans of a digital

m v ol uni negyanly (AP egogo)s%aeaekﬂea&' e dd Ogigmoﬁ’ha&@gﬁ%hﬂo@ atlledn Data

obt ai ned re correct groun scattering an |n|er pl ot

agai nst 1 Ng Sealféar! ngs LOIENSL!Y% Inddbdihafialotha] o dopegtian d ol the
Iéﬂl %%K ? of the sca J% §? %b g

natural 15 Iogar ering 1nten ter jround

correctlonégQghe ect e q SHHAL C%nigstigfgt&§é5“9ea?0tXBL @% rd of

constructe ter| ng vect or Sl ne I'S a

wavelength f 1im§ 18 A I%&%E usaigber og gf tggssc H&ﬁglgggaqﬁgﬁﬁép 20

Now, a defec free polybenzazol Second
venid on sl e sLaEKBSEd obbohas heop Laund o 5 1 Sl e
rateril cyrelull (L g, ekl ot SLCugtie W L0y 1e, 2 conpug o
reduction (})if dff eggungbe ngal.magg.dﬁa%qt Sfcrie.e,) éép, t1g§45!lb?19§0r)l)lgt L*:rhe' Mor e
half-height width 26 of the peak profile is calculated from
the . diffraction intensity profile distributed in the
10 meridional direction of the (010) and (-210) diffractions,
and then the crystallite orientation ratio of the fiber
center to the fiber surface is evaluated by dividing the
half-height width 26 of the fiber center by the half-height
width 26 of the fiber surface using Equation 2. In
15 addition, in case the numerical value of the diffraction
intensity profile is obtained from the microscope film, an
optical negative film density reading apparatus (for
example, Joyce-Loebl Chromoscan 3) is utilized.
In FIG. 3, the left- 51de draw1ng illustrates a bright-
20 field image of an ultra-thin sectlon, the whlte circle in
the drawing shows the region (diameter 0.3 pm) in which a
selected-area diffraction pattern is taken, and the right-
side drawing shows a selected-area electron diffraction

pattern.

25 Crystal orientation ratio = 26 (fiber center)/ 26



. .Specifically, the control of the coagulating tenperature is inportant, and
‘the bath tenperature is maintained from 5 20Cto OC, desirably from-15C
to -5C, and nore desirably from-12Cto -8C A water-based coagul ati ng
-agent coul d be used, but an organic soI vent -conpatible with water rather
lTed to a good result. In particular, % al cohol s such as net hanol and
conpounds having an OH group 10 vmth a | ecul ar wei ght of 400 or |ess such
as ethylene glycol were specially effective. Rendering the bath
tenperature to be | ess than -20C tends to dramatically deteriorate the

yarn physi c(q_;llb%rrogel tfla%% %ngjrstth Js not preferable. 15 The drying

tenperature IS set at a ature at which the strength of a fiber is
not made reduce i ldy fr 5 t ive,
preferably from%ilﬁn%rtgrgg:%% e L?Sfl ve, ﬂrﬂ é& (r?rll%r e&&%%?“ raebrﬁcy%’?rwoen%%@to
270C i ncl usj he condi t 4t erature
is 500C or%ﬁ%%g.gﬁﬁ Igsge%hgﬁé768g5wgprg¥Era% 5%%0 orggnPg s t han
650C, and ef era nore_an Ie S .t han, 6300 a d the
t ensi on apri[’}?nﬁéi I[:Ety f Btg% %%?CSC';L 4. 9%/ Heéfgg}—mr A | B¥s PO AP SEF Y,
prefersably d_or re an Ies tha /d, nore preferably 5.5
e eseRd 1 ek T Gopbr Soonlert 4F TIBEEL b be
ggglfed to hggt Satnent IS controlled be froC 1@6(§ 3@6|ncuﬁé% :
preferably ursrl&% f Y P 7 RN i e | |1bsera5;c%be? §E0%het P esent
I nvention, Zﬁp mlnutes in an electric oven maintained at 230°C to

remove the moisture in the fiber and then the weight is

measured again. The equilibrium moisture content is
10 evaluated by means of Equation 3.

Equilibrium moisture content = 100 x (fiber weight when

reaching equilibrium - fiber weight after drying)/ fiber:

weight after dryihg (%]

Abrasion resistance was evaluated according to JIS L1095,
15 7.10.2, that 1is, the' number of cycles to rupture was

counted for evaluation. At this time, the fiber was

subjected to a tension of 1.0 g/d.

<Method for measuring small angle X-ray scattering>

Void sizes were evaluated by the method below using

20 small anéle' X—rey  scattering. X rays supplied for

measurements were produced by means of Rotor Flex RU-300

available from Rigaku International Corporation. A copper

anode was gsed as the target and the operation was carried

out using a fine focus with a power of 30 kV x 30 mA. A

25 point-collimated camera available from Rigaku Co., Ltd. was



. _ .5 ray neridional diffraction half-height wdth factor is 0.3/ GPa or |ess,
- preferably 0.25/GPa or less, nore preferably 0.2/ GPa or |ess, and nost
preferably 0.15/GPa or |ess. Mre preferably, the anmount of reduction of
-sthe elastic nodulus Er due to a nolecular msorientation change 10 is 30
‘GPa or less, preferably 25 GPa or Iess,zgnd nore preferably 20 GPa or
| ess; the TlH relaxation tine of proton”is 5.0 seconds or nore, preferably
6.5 seconds or nore, and nore preferably 8 seconds or nore; the T1C
rel axation time of carbon 13 is 2,000 seconds or nore, 15 preferably 2,300

seconds Or ({0 E; ,&d JX0T €0 Q;Iﬁ{iaéﬁly %ggg m.sec;i‘?%s?’?{/vfﬂsﬁ; \g%?@ theggal

conductivity 1s 0.23 VVcn1Kro nore, preferabl fm)re, and
f A i1t | sot i
expansi on' REITH RIS MY TR0 eho 5 RLe S ALP P SR b n et Tssio, 000
I , f 8+ 1,800, 0 I ; }.asti
the f1ber 15 500 eh8 of A5es (FELT R Ay Fdgkdn Ty £ SR S ©
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Anal ysis mgt hods {05:1 Bgcg\ljsl Ve(gga.nggg}){ ggp{'r:}gns{)g 26, defect - £t structure
will b discussed herelnaéﬁgF. g& poly%e%zazo? w?? ef ~ exfii bTt gg?ym@fiff
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detector. The time of exposure was from 2 hours to 24
hours. Scattering intensity signals recorded on the
10 imaging plate were read by means of a digital

microluminegraphy (FDL5000) available from Fuji Photo Film
Co., Ltd. Data obtained; were corrected for background
Sééttering aﬁd then a Guinier piot against the écattering
intensity I in the equatorial direction (plot the natural

15 logarithm In(I) of the scattering intensity after
background correction against k* the square of the
scattering vector) was constructed. The scattering vector
k = (4n/A)sinf, A is a X-ray wavelength of 1.5418 A, and ©
is a.half of the scattering angle 26.

20 | Now, a defect-free boiybenzazole fibéf.of.a fiber
structure in the second invention will be discussed.

It has been found out as a result of an energetical

study that further heat treatment under tension after the
material carefully formed into a fiber structure with the

25 coagulation speed decreased is dried, is particularly



. JAccordingly, static analyses even by wide angle X-ray diffraction or smal
-angl e X-ray scattering did not give sufficient information. Thus,
structural analysis was 10 performed by neasurenent via X-ray di ffraction
-while giving the fiber a stinulus (stress) or evaluation of the
“relaxation tinme by neans of solid-stat? NMR spectroscopy. <Method for
nmeasuring X-ray hal f-height width facto 415 An apparatus that applies
tension to a fiber as showmm in FIG 4 was constructed and was nmounted on a
goni oneter available from Ri gaku (Ru- 200 X—ray generator, RAD-rA system

to det en: 0
dlof f (raag': {nonqnﬁd}gcag‘g{]% gc‘?{ée\/\ggﬁ({)hg%lré; usl nngfg ng p%“f\}/\]}tegrﬁé Qbe]jk% x 100 mA.
to generateg the QUK Ifﬂee frl‘)r{ntﬁ@neffboeﬁgegtft?éﬂ D9 oordee. The diffraction

intensity was recorded on an i magi te ava rom Fuji Film Corp.
(Fuj i F|Im R dn dhe iffraction intensity was_carrjed out
by 25 rreans %c lc\iB \%llly’m crolum nogfr]a ﬂ t(l?fﬁ X sy%un]'lﬁ\}yngavta‘?rﬁl ebllﬂ%tlﬁrf ¥% om
JEQL Ltd. o] sel val uat e the hal f-_ hei ght dt h of a peak
orof i et hil %L‘&e%%%d BUE i Y orett r%%reeahssﬂaaw%ﬁf&%% S che

thus dég?a% et o 04%1%%4%@%?5%?%%?%3%;' #“’%g + ?%irréf . LQ?hr f?ﬁ'et )
I ' -
E’H‘igemsate%a%” ALy B e 05 BT coh MRV R | PSR 5 gi ven

in FIG 5. lg(;)entl\/eécpt.?lddfboer useagurkl)t?g gﬂlgpégrgignsg \?g t? (];c?n(l:;gaotlble with

water rather led to a good result. 1In particular, lower
alcohols such as methanol and compounds having an OH group

10 with a molecular weight of 400 or less such as ethylene
glycol were specially effective. Rendering the bath
‘temperature to be_less than -20°C tends to dramatically
deteriérate the yarn physical'prbpérties,.and so it is not
preferable.

15 | The drying temperature is set at a temperature at
which the strength of a fiber is not made reduced, more
specifically from 150°C to 400°C inclusive, preferably from
200°C to 300°C inclusive, and more preferably from 220°C to
270°C inclusive. With the conditions of heat treafment,

20 the teﬁﬁeratﬁré is SOO°C or more énd.less than 700°C, |
preferably 550°C or more and less than 650°C, and more
preferably 580°C or more and less than 630°C, and the
tension applied at this time is 4.0 g/d or more and less
than 12 g/d, preferably 5.0 g/d or more and less than 11

25 g/d, and more preferably 5.5 g/d or more and less than 10.5



. .The apparatus that applies stress to a fiber as

installed
to neasure
- -direction
attributed
of the ori
was cal cul
diffractio
1(0) sin
angle ((D=
21, pl199
the conbi n
crysta
crystallln
6) obtaine
E can be r
(<cosc§/<c

10

previ ously di scussed was

on a small-angle X-ray scattering system available from Ri gaku

the distribution diffraction intensity along the azi nmut hal
of the (200) diffraction and to neasure the elastic nodul us

15
Er

to the orientation change. 5#6. 6 shows a neasurenent exanple

entation change (<sin2CD>) .
ated from 20 the azinuthal intensity profile 1(0) of (200)

he orientation change (<sin2CD>)

n using the follomjng equation: J 1(Osin 3 riO <sin2~>= 0, a
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ation the crystallite elong 1 on

ewitten in oW Nng° equati
c¥§§xheri&90nal diffraction half-height width factor is

0.3°/GPa or less, preferably 0.25°/GPa or less, more
preferably 0.2°/GPa or less, and most preferably 0.15°/GPa
or less. More preferably, the amount of reduction of the
elastic modulus E, due to a molecular misorientation change
is 30 GPa or less, preferably 25 GPa or less, and more
preferably 20 GPa or less; the T,; relaxation time of

proton is 5.0 seconds or more, preferably 6.5 seconds or

" more, and more preferably 8 seconds or more; the T,

15

20

25

relaxation time of carbon 13 is 2,000 seconds or more,
preferably 2,300 seconds or more, and more preferably 2,700
seconds or more; the thermal conductivity is 0.23 W/cm K or
more, preferably 0.3 W/cm K or more, and more preferably
0.36 W/cm K or more; the anisotropic factor of the
lexpansion coefficient is -4.5/1,000,000 or less, preferably
-6/1,000,000 or less, and more preferably 48/1,000)006 or
less; the elastic modulus of the fiber is 300 GPa or more,
preferably 340 GPa or more, and more preferably 380 GPa or

more; the void size is 25. 5 A or more, preferably from 30

A to 150 A inclusive, and more preferably from 35 A to 90 A.

Analysis methods for proving the realization of a

+



Wherein CDo is an orientation angle when the stress is zero, and CDis an
‘orientation angle when the stress is 0. The anount of reduction of the

el astic nodulus Er 15 attributed to the orientation change is defined by
-the follow ng equation: E,. =Ec - de do- Q=0 wherein the inside of the
‘brackets of the right-side second tern1%pove,is a slope of the tangent
line of Eat a = 0. 20 <Method for neas&rlng solid-state NVR > The
measurenent of solid-state 13C NVMR was carried out wusing a Varian XL-300
spectronmeter (300 MHz for 1H neasurenent, 75 MHz for 13C neasurenent), the

probe. avai 1901 T rore BOTY Corore ThELT aogt ek Pt o T TSt bEE i e of the.
porfor med. RaerT L ELE BB P SRR e b e s HIEREETEE oa ona
mmanet | o f 1 & ETE hER R or Tt 8O RFp P SRal afa O PR EREFR O wBesfRe %
The 10 1h neRteuter bt SR nERe, P RRe e DR AR the F SatE RS ured by the
CP- MAS.i nver sion_recover

I (t) agsoci%}%ﬁoﬁf?%ethe¥?€?%£§g8ﬂ?Pgﬁ%hg(gggg%ggrglaﬁgggﬁgggrﬁéTiggiégyppm
Vas evaluatgg gXig rggift and does not form a firm, complete crystal.
Accordingly, static analyses even by wide angle X-ray
diffraction or small angle X-ray scattering did not give
sufficient information. Thus, structural analysis was
10 performed by measurement via X-ray diffraction while giving

the fiber a stimulus (stress) or evaluation of the

relaxation time by means of solid-state NMR spectroscopy.

<Method for measuring X-ray half-height width factor>
15 An apparatus that applies tension to a fiber as shown
.in FIG. 4 was constructed and was mounted on a goniometer
available from Rigaku (Ru-200 X-ray generator, RAD-rA
system) to determine the stress dependency of line width of
the (00 10) diffraction. The generator was operated using
20 a power of 4O kV x 100 mA; to generate the CuK « line froﬁ
the copper rotating anode.
The diffraction intensity was recorded on an imaging
plate available from Fuji Film Corp. (Fuji Film FDL UR-V).
Reading of the diffraction intensity was carried out by

25 means of digital microluminograph (PIX sys TEM) available



_.fitting using the equation | (t) = A exp (-t/T1lH) . The 13C 15 nucl eus

I ongi tudinal relaxation tinme (T1C) was neasured by Torchia nmethod, with
the retention tinmes set at 0, 0.001, 1.56, 3.12, 6.24, 12.5, 25.0, 50.0,
-100, 150, 200, 300, 400, 500, 600, 700, and 800 seconds. The danpi ng of
the peak intensity I(t) associated wth,the retention tine (t) of a 20
peak appearing at 128 ppm was eval uated by curve fitting using the
equation I (t) = A exp (-t/0. 1) + Aa exp (- t/Tl1Ca) + Ab exp (-t/T1Ch)
+ Ac exp (-t/T1Cc) . In this case, T1Cc (T1lCa < T1Cb < T1Cc) is taken as

the relaxatd,Q tifGr TLEGOT  $H€oE3E CHPG dUTL UG- 92180t <MpRSU{LTENL Of

thermal conductivity> The neasurenent of ‘thermal conductivity was perforned
t t . . i . t Mo ot

al a( JST?Q@%@ %\%ﬁ}p AB?GI?E%&??; rﬁpESBGHfBI%é.M %ﬂhftEva %% 8‘% Ca‘%“u%s%ﬁ%%é;“

fact f 1O f.f.l Ci . Jhe i o e si on
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uherein (AR J&y LRG| IA1BATe C¥RRRTHEN. CORBELELED! Afnd Neeshrll B, &xi S
direction, Ea s e strarn of the Tattice of the crystal Tn"the axis

directg on, and (AFR), A1) AR 008, SXPANS of COSLIL Client 19 fhe derparature

change t her I'ne expansion coefticien measuredusing a

t hermal ne i | ySi t ayai Lahl.e from.Mac 15 Science. Cor p.

el e e HY SR B0 5L BBRRERLYS YR LR TS kP Sl HEE:
height width factor (Hws) was evaluated from the slope

thereof. An evaluation example is given in FIG. 5.

10 <Method for measuring orientation change factor>
The apparatus that applies stress to a fiber as
previously discussed was installed on a small-angle X-ray
scattéring.Systém available from Rigaku ts measure.the
distribution diffraction intensity along the azimuthal
15 direction of the (200) diffraction and to measure the
elastic modulus E, attributed to the orientation change.
FIG. 6 shows a measurement example of the orientation
change (<sin?®>).
The orientation change (<sin?®>) was calculated from
20 the azimuthal inténsity profile I(@f'of (200) difffsstidn '
using the following equation:
[ 1(g)sin® g
[ 1p)sin ¢y

The meridional line was taken as the origin of the

<sin’ @ >=

azimuthal angle (&= 0). According to the theory proposed



length of the sanple fiber-in the fiber axis direction when the
‘tenperature was increased from30C to 600C was observed and fromthe
nmeasured val ue of (AE/AT) within the range of 100C to 400C. E represents
-the strain (value 20 obtained by a neasured fiber Iength at each
tenperature divided by a fiber length g 30C and then 1 being

subtracted). (AEa/ AT) was eval uated by using the equation below and
measuri ng the anount of change of the X-ray diffraction 25 angle 20200 of
t he (200) plane when the tenperature was 31 changed from 30C to 250C. Ana/

AT = -cot 0400 NA@RY/t A(Bolmﬁeldlélfrqﬂtlw el @ Car\:ﬁ@ r%r?e!%’ ) pasur ed

by nmeans of ~ the aforenenti‘oned 1 magi ng pl ate. The vel ocity of sound was

measured USIg hi SV DRV %@ﬁé?&b}}%&rﬂ{@ oy, Bl A . o A Er?é al Of

25 or nore neasurenents was conduct ing conditions ina sa

| engt h of }H§§¥ t 0 and the value
was evalua&gaﬁﬁa exﬁgﬁégqat n l%% gp Qggn% g Egﬁé%%bu% §§cﬁFand to a :
t ensi on of #&égD %IF%F¥5¥§¥§ énygntlon will be discussed in nore detai

o) xanpl e

by. neans her &1 riaf however, the invention is by no neans
limted to these exqpple§ 15 Exanpl es Exanples 1 to 9 and Conpari son
Exanples 1 to 7 ® As farn was used a yarn dope conprising 14.0% by wei ght

of a polypaiﬁgg%n%geggp?%gé %F%%x% %l%rwgkgqllne modulus E. and the

stress o, €, by utilizing the result (FIG. 6) obtained by
determining the <sin?®> as a function of o above, and thus
€ can be rewritten in the following equation for
10 calculation::
£ = 0/E, + (<cosd>/<cosd,> - 1)
wherein &, is an orientation angle when the stress is zero,
and ¢ is an éfientation angle Qhen'the stress is'o;"
The amount of redﬁction of the elastic modulus E,
15 attributed to the orientation change is defined by the

following equation:

E-E, <d£ >"

do
wherein the inside of the brackets of the right-side second

term édee is a slope 6f thé téngénf'lihe of € at © = 0.
20
<Method for measuring solid-state NMR >
The measurement of solid-state !’C NMR was carried out
using a Varian XL-300 spectrometer (300 MHz for 1H

measurement, 75 MHz for ')C measurement), the amplifiers



.obtained by the nethod disclosed in U S. Patent No. 20 4533693 and whi ch
‘has an intrinsic viscosity of 24.4 dL/g neasured in a nethanesul fonic acid
solution at 30C and pol yphosphoric acid containing 83.17% of di phosphorus
-pent aoxi de. The dope was passed through a netal net-like filtering

‘mat eri al and then was subjected to knea bng by 25 neans of a two-axis
kneadi ng apparatus and degassing. The 3 dope was spun out at 170C froma
spi nneret having 166 holes with the pressure increased and the polyner
solution tenperature kept at 170C. The spun yarn was cool ed using cooling

air wth aASmael Wity ofs e Ak VS LI NIETe R AHOANAY déﬁ? ed &d&h;‘;ﬂoc and

then was introduced into a coagul ating bat er was prepdre

h i t at i t : f.
crang eI ol amend e ey i

Thereafter, er was wound arou was given a

constant s a?#%&%%gs YaF Ny taby hgglégseéggag%ggf\g%te%rs iw%ra second -

extracting yarn was imrersed in sodiuthydroxide
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microseconds, a locking magnetic field strength of 55.5 KHz,
a decoupler strength of 55.5 KHz, a contact time of 3
milliseconds, and a pulse holding time of 40 seconds. The
10 'H nucleus longitudinal relaxation time (T,,) was measured
by the CP-MAS inversion recovery method, and the damping of
the peak intensity I(t) associated with the retention time
(t) of a peak appééring at 128 ppm was evaluated by curvei
fitting using the equation I(t) = A - exp(-t/T,). The C
15 nucleus longitudinal relaxation time (T,.) was measured by
Torchia method, with the refention times set at 0, 0.001,
1.56, 3.12, 6.24, 12.5, 25.0, 50.0, 160, 150, 200, 300, 400,
500, 600, 700, and 800 seconds. The damping of the peak
“intensity I(t) assoqiated with the retention time (t) of a

20 peak appearing at 128 ppm was evaluated by'curve fitting

using the equation I(t) A, - exp(-t/0.1) + A, - exp(-
t/Ti,) + Ay © exp(-t/Tyy) + A, + exp(-t/Ty.). In this case,
Tice (Tica STy £Tyc) is taken as the relaxation time T,. of

the '*C carbon nucleus.

25
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<Measurement of thermal conductivity>
The measurement of thermal conductivity was performed
at a temperature of 100 K in accordance with the method of
Fujishiro et al. (Jpn. J. Appl. Vol. 36 (1997) p5633).
5 <Evaluation of anisotropy factor of expansion coefficient>
The anisotropy factor p of the expansion coefficient
is defined as the following equation:
B = (Ae/AT)/ (Ae,/ AT)
wherein (Ae/AT) is the linear expansion coefficient of the
10 fiber axis direction, €, is the strain of the lattice of
the crystal in the axis direction, and (Ae,/ AT) is the
expansion coefficient to the temperature change thereof.
The linear expansion coefficient'was measured usihg a
thermal mechanical analysis apparatus available from Mac
15 Science Corp. The value was evaluated from the measured
length of the sample fiber-in the fiber axis direction when
the temperature was increased from 30°C to 600°C was
observed and from the measured value of (Ae/AT) within the
range of 100°C to 400°C. ¢ represents the strain (value
20 obtained by a measured fiber length at each temperature
divided by a fiber length at 30°C and then 1 being
subtracted).
(Ag,/ AT) was evaluated by using the equation below

and measuring the amount of change of the X-ray diffraction

25 angle 28,,, of the (200) plane when the temperature was
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changed from 30°C to 250°C.

Mg,/ AT = -cotB,, (A6,,,/ AT)

The diffraction angle can be precisely measured by means of
the aforementioned imaging plate.

The velocity of sound was measured using a Leovibron
DDV-5-B available from Toyo Boldwin. A total of 25 or more
measurements was conducted by changing conditions in a
sample length of 10 cm to 50 cm under a tension of 0 GPa to
1 GPa, and the value was evaluated by extrapolating to a
sample length of 0 cm and to a tension of 0 GPa.

The present invention will be discussed in more detail

by means of examples hereinafter; however, the invention is

by no means limited to these exaﬁples.

Examples

Examples 1 to 9 and Comparison Examples 1 to 7

As yarn was used a yarn dope comprising 14.0% by
weight of a polyparaphenylene benzobisoxazole which was

obtained by the method disclosed in U. S. Patent No.

14533693 and which has an intrinsic viscosity of 24.4 dL/g

measured in a methanesulfonic acid solution at 30°C and
polyphosphoric acid containing 83.17% of diphosphorus
pentaoxide. The dope was passed through a metal net-like
filtering material and then was subjected to kneading by

means of a two-axis kneading apparatus and degassing. The
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holes with the pressure increased and the polymer solution
temperature kept at 170°C. The spun yarn was cooled.using
cobliﬁg air with a temperature of 60°C and was further

5 naturally cooled to 40°C and then was introduced into a
coagulating bath. A fiber was prepéred by changing the
coagulating solution and the temperature thereof.
Thereafter, the fiber was wound around.a gozzet roll and
was given a constant speed to wash the yarn with ion-

10 exchanged water in a second extracting bath. Then, the
yarn was immersed in a 0.1 N sodium hydroxide solution and
-subjected to neutralization treatment.  Also, it was.washed
in a.Wéter bath, wound up, placed in a drying.oven at.80°é
for drying, and allowed to stand there until the water

15 content of the fiber became 2.5%. Furthermore, the fiber
was heat treated for 2.4 seconds under the conditions of a

tension of 5.0 g/d and a temperature of 600°C. The results

are given in Table 1.
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..0x OxOx0xOxOx Ox UWUWUWUWUWUWU W35 Table 1 above
'shows that a fiber of the present invention has an extrenely | ow
equi librium noisture content as conpared with a conventional fiber and

-~ +thus is truly excellent in physical properties. At the sane tinme, the 5
fiber is recognized to have a unique fi& surface structure as well.
Exanpl es 10 to 18 and Conpari son Exanples 8 to 13 As yarn was used a yarn

dope conprising|l1l4. 0% py i ght | of af pol ypar dphenyl ene benzobi soxazol e
whi ch was 10 obfai ned py thesnmet hod discl osed [0 U. S. Patent No. 4533693
and whi ch has an”intrifsic VWscosi'ty o¢f 24[4 dI% gl neasured in a
nmet hanesul foni c |acid splutipn at|[30C and pol yphosphoric acid containing
83. 17% of di phogphorus| pentaoxi ge. The dope Was passed through a netal
net-like 15 filtering pmterial and then wasosybj ected to kneadi ng by neans
of a two-axis kngadi ng|@pparatus|3@nd (®gasstinds The dope was spun at 170C
froma spi-nneret{Yhavi ngf" 166(%ol e$” wi A t h¢?pri®ssure i ncreased and t he. )
pol ymer solution tenperatuge kept at {170C|] THe spun yarn was cool ed using
20 cooling air with a tenpetaturé of 60C ar}'d S further naturally cooled
to 40C and then|was introdu¢ed into a| coagul ating bath. A fiber was
prepared by changing the coagul ating|sol ufion anfd the tenperature thereof.
Thereafter, the|fiber pwas wpund around a gozzet rpll and 25 was given a

L (3] L0 [*)} .| ™ <
constant speed tjg wash|¢he yarn wth ijen [o |wv
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. .36 exchanged water in a second extracting bath. Then, the yarn was
‘imersed in a 0.1 N sodi um hydroxi de solution and subjected to
neutralization treatnent. Also, it was washed in a water bath, wound up,

- splaced in a drying oven at 80C 5 for drying, and allowed to stand there
‘until the water content of the fiber bgﬁane 2.5% Furthernore, the fiber
was heat treated for 2.4 seconds under e conditions of a tension of 5.0
g/d and a tenperature of 600C. The results are given in Table 2. 37 -0a)
-d NO-11 MHI- A d d ri NO >V) .a MMNLOITO) co 43 r-1 a)

0 o e SRR e dipl) B 4ol b B MMg O 00 0
5N o e B plad R QMR oy Nl pguih e ofian &
| as compared with a gonventional fiber and thus is truly
excellent in thsical properties. At the same time, the
5 fiber is recognized to have a unique fine surface structure
as well.
Examples 10 to 18 and Comparison Examples 8 to 13
As yarn was used a yarn dope comprising 14.0% by
weight of a polyparaphenylene benzobisoxazole which was
10 obtained by the method disclosed in U. S. Patent No.
4533693 and which has an intrinsic viscosity of 24.4 dL/g
measured in a methanesulfonic acid solution at 30°C and
.pélyph§Sphoric écid COntaining 83.17% of diphosphorus
pentaoxide. The dope was passed through a metal net-like
15 filtering material and then was subjected to kneading by
means of a two-axis kneading apparatus and degassing. The
dope was spun at 170°C from a spinneret having 166 holes
with the pressure increased and the polymer solution
temperature kept at 170°C. The spun yarn was cooled using
20 céoling air with a téﬁpérature of 60°C and Qas further
naturally cooled to 40°C and then was introduced into a
coagulating bath. A fiber was prepared by changing the
coagulating solution and the temperature thereof.
Thereafter, the fiber was wound around a gozzet roll and

25 was given a constant speed to wash the yarn with ion-
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exchanged water in a second extracting bath. Then, the
yarn was immersed in a 0.1 N sodium hydroxide solution and
Subjected to neutralization treatment. Also, it was washed
in a water bath, wound up, placed in a drying oven at 80°C
for drying, and allowed to stand there until the water
content of the fiber became 2.5%. Furthermore, the fiber
was heat treated for 2.4 seconds under the conditions of a
tension of 5.0 g/d and a temperature of 600°C. The results

are given in Table 2.
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a) -11a) -,1 () -,.1'a . >4r-21f 4r-1)-1ri }-1ri li HH-1roaro a

roaroaroa A3 F20 R F'RAIHL thC a fiber of the present

invention exhibits an extremely increased velocity of sound
propagation as compared with a conventional fiber and thus -
is truly excellent in physical properties. At the same
5 time, the fiber is recognized to have a fine structure with -

a very few defect structures as well.

Example 19

Two fibers of the fiber in Example 1 were combined to
yield yarn of 555dtex. This combined yarn was woven in a

10 weaving density of 30 fibers/ inch to prepare a textile
with a Metsuke of 136 g/m’. Then, it was cut into a square
"of 40 cm and 33 sheets thereof were superimposed and -
integrétedly sewed to prepare a bullétproof materiél. This
bulletproof material was subjected to bullet hitting of 9

15 mm FMJ under the conditions of the NIJ Standard 0101.03,
Level IIIA provision. As a result, the material prevented
the penetration of a total of bullets.

Example 20
‘The fiber in Example 10 was divided into 60 pleces,

20 each belng set on a stand. The flber was passed through a'
reed to become 16 fibers/ cm and immersed in a bath of
Cleiton G1650/ toluene solution (solid content 20%). After
being placed in a drying furnace for drying, the fiber was
wound 11 turns around a roll with a circumference of 40 cm

25 while taking care of not spacing to thereby produce a fiber



.,.00x Ox Ox Ox Ox UWUWUWUWUUW39 Table 2 above shows that a
ofi ber of the present invention exhibits an extrenely increased velocity of
sound propagation as conpared with a conventional fiber and thus is truly

- -gxcellent in physical properties. At the same 5 tine, the fiber is
recogni zed to have a fine structure mﬁtqo_a very few defect structures as
well. Exanple 19 Two fibers of the fiberin Exanple 1 were conbined to
yield yarn of 555dtex. This conbined yarn was woven in a 10 weavi ng
density of 30 fibers/ inch to prepare a textile with a Metsuke of 136 g/ nR.

Then, it wasgui J,0ig Gosapane: QLo £0,CH)20033,5heet 8 Lher egh verfe

super i npo and Tntegratedly séewed to prépare a proof materral.

Ihe, DUl eLpLep! JBLET LAl vRBSURLech el LarDULLeLoPLLL!BY, BLcRds Il
2 esult U R ELA8! RLEKBEd (o PEnethat prghe g LohalalaButl et o
fibers: om aha PriBr8bn TA° SPERPHCET OBi VBt CA8B0F YS! BEFG BB ut on
(solid.content, 2099 . After _bein L aced in_a dryin urnace.f dryi ng,
{he fiBor vESPTAbURA 21 FUFREOAr SORKCACPBPP aPFHOL €5F CRf BFEHBE - of 148 e
25 while taking, cateypl oLt SPEEL9shOeLP8EERY sB" 991€8 Bel LPBhogonal
to each other and the resulting sheet was covered on both
sides with low molecular-weight polyethylene films with a
thickness of 12 pym and then was compressed to prepare an
10 orthogonal sheet. Metsuke for a-sheet was 145 g/m?.
Twenty-six of these orthogonal sheets were superimposed and
were sewn togethef to make a bulletproof material. Thié
'bulletprbof material wés subjected:to builet hitting of 9
mm FMJ under the conditions of the NIJ Standard 0101.03,
15 Level IIIA provision. As a result, the material prevented
the penetration of a total of bullets.
Example 21
The fiber in Example 1 was cut into 30 mm sheets and.
non-woven clothes with a Metsuke of 150 g/nﬁ were prepared
20 by'the péper method. Four of the non-woven clotheé thus
obtained were superposed to prepare a mar-proof material.
Example 22
The fiber in Example 10 was crimped through the use of

a crimper and then was cut into 44 mm sheets to give staple.

25 The staple thus obtained was passed through a normal felt



. .40 sheet wth the fiber neatly placed in one direction. The fiber sheet
st hus obtai ned was cut and spread to prepare a 40 cmx 40 cm UD sheet. In a
simlar manner, a plurality of UD sheets was produced. An UD sheet thus

- *obtained 5 cont ai ned an aver age resin conmponent of 15% by weight. Two of
‘these UD sheets were superposed so as tglbe ort hogonal to each other and
the resulting sheet was covered on both"“sides with | ow nol ecul ar - wei ght
pol yethylene filns with a thickness of 12 dun and then was conpressed to
prepare an 1.0 orthogonal sheet. Metsuke for a sheet was 145 g/ nR.

Twent y- si x gona o F?Q emn

t oget her t me Q‘ﬁ%? roo V?r‘%t?:éfaa},\q{%] e%d etprcfsal nﬁ%#cﬁé

subj ected t 9 mm FMJ under the conditions of the NIJ
St andar d Olrgelg)%zgeeélé{ IJ\f-/ﬂelnj'g(?ﬁA provision. As a result, the materi al
prevented the penetration of a total of bullets. Exanple 21 The fiber in
Exanple 1 was cut into 30 mm sheets and non-woven clothes wth a Metsuke

of 150 g/ nR were&&g&gggléﬁ é%PfQ%ég%ﬁ er nethod. Four of the non-woven
viere

cl ot hes thus obtaine er pose prepare a mar-proof material.

Exampl g 22 The ﬂhper LN Exarrgl1 0 was cri nped thr gg.the use of a
crinpe? and t hen Waf it ht WY Ehedt ST YT TR N D5 The staple

s D al afyee, PPRr e d Ly Py h%adl?gé 2 ofybeézlazgfeepﬂg&g RiePng % ' Oved
specific fine fiber structure of the fiber surface being
dense, never obtained before, and thus enhances
practicality as industrial material and has a very high

10 degree of effectiveness of enlarging utilization fields.

In addition, the present invention as discﬁssed above,
can industrially easily produce a polybenzazole fiber
having a specific fine fiber srructure of .tﬁe fiber
structure being defect-free, never obtained before, and

15 thus enhances practicality as industrial material and has a
very high degree of effectiveness of enlarging utilization
fields.

In other words, the preseﬁt invention has a wide variety of
applications that include, in addition to a high-density

20 high- performance c1rcu1t board for mountlng 5111con chlps,
tension members such as cables, electric wires and optical
fiber; tension materials such as ropes; aerial and
aerospace materials such as rocket insulation, rocket
casing, pressure vessels, strings for space suits and

25 planet probe balloons; shock resistance materials such as



- .heat-resistant felt. Industrial Applicability 5 The present invention, as
~di scussed above, can industrially easily produce a pol ybenzazole fiber
having a specific fine fiber structure of the fiber surface being dense,

* “never obtained before, and thus enhances practicality as industrial
‘material and has a very high 10 degree gé ef fectiveness of enlarging
utilization fields. In addition, the préSent invention as discussed above,
can industrially easily produce a pol ybenzazol e fiber having a specific
fine fiber structure of the fiber structure being defect- free never

O et PBldne Bdols (RHEoPRIRACCS MIAC! LGIhbRL 25 dnCUShindY I 1 o
(0] ll I on

and has a very h egree o ect veness enYarglng

fields. | nm%tt%% a\ﬁogng@e to l%%%%%&t],ngn\é?%tab%q %ﬁ:densﬂ gct\%lw%t}y and a

appl i cations that nclude 0 a hlg

2 LB b RO S, S AL

such as cabl’és,” eFectric wr such

as ropes; erlal and aer pac | s.such as, roc |nsulat|o rocket
casing, pr g1€@§seﬁ¥l t% ﬁ@@eP%r E53¢R sﬁ??gtﬁndt plHrfet ﬁﬁ%hﬁy
bal | oan resi stance naterials _such as 42 ullegﬁg:oof terials

S ocC

(for arrppg §db&In1 é’tnep d:fec ri &2 rrr&’cfé)onfy“} B asHivst a
knitted we -proof materi alternately | am nating in

90 di rect| DG BHEL e A TGS I LGULs THETeRS ooEht g Tire SUiLs,

heat resisting felt, gaskets for the plant, heat-resistant

fabrics, various sealing materials, heat resisting cushions

and filters; rubber-reinforcement materials for belts,

10 tires, shoe soles, ropes, hoses, etc.; fishing lines,

fishing rods, tennis rackets, ping-pong rackets, badminton

rackets, golf shafts, club heads, gut, bowstrings,. sail

cloth; sports shoes such'és runhing shoes, marathon.shoes;

spike shoes, skating shoes, basketball shoes and volleyball

15 shoes; bicycles for competition (contest) and the wheels

thereof, road racers, piste racers, mountain bicycles,

composite wheels, disk wheels, tension disks, spokes, brake

wires, transmission wires, wheel chairs for competitioh

(contest) and the wheels thereof; sports :elating materials

20. for .prbteCtbrs; racing suits, skis, stocks, helmets,

parachutes, etc.; abrasion-resistant materials for advanced

belts, clutch fastenings, etc; reinforcing materials'for

various construction materials, rider suits, speaker cones,

light-weight baby carriages, 1light-weight wheelchairs,

25 light-weight beds for care, life saving boats, life jackets,



- .5 placed in one direction); mar-proof nenbers such as gl oves;
sheat-resistant flame-resistant nenbers such as fire suits, heat resisting
felt, gaskets for the plant, heat-resistant fabrics, various sealing

*materials, heat resisting cushions and filters; rubber-reinforcenent

‘materials for belts, 10 tires, shoe soles, ropes, hoses, etc.; fishing
lines, fishing rods, tennis rackets, pitng-pong rackets, badm nton
rackets, golf shafts, club heads, gut, bowstrings,. sail <cloth; sports

shoes such as running shoes, marathon shoes, spike shoes, skating shoes,
basket bal | o] vQl |l .15 shoes; bicycles for conpetition
(contest) 3%@ ?%5%%g¥e%§bg¥%§Pégr, r oad racerg, pi ste rachs, nount ai n

bi cycl es, conposite wheels, disk wheels, tension disks, spokes, brake

W res, transm ssion wires, wheel -chairs for conpetition (contest) and the
-wheel s thereof; sports relating materials 20 for protectors, racing suits,
skis, stocks, helnets, parachutes, etc.; abrasion-resistant materials for
advanced belts, clutch fastenings, etc; reinforcing materials for various
construction materials, rider suits, speaker cones, |ight-weight baby
carriages, |ight-weight wheelchairs, 25 |ight-weight beds for care, life
saving boats, life jackets, 43 and battery separators. 44 CLAIMS 1. A

pol ybenzazol e fi ber whose nmean square roughness of the fiber surface is 20
nmor less. 5 2. A polybenzazole fiber according to claim1,



- .Wwherein the crystal orientation angle of the fiber surface is 1.3 degrees
&0r | ess. 3. A polybenzazole fiber according to claiml1l, wherein the
~equi i briumnoisture content is 0.6%or less. 10 4. A polybenzazole fiber
* “according to claim1, wherein the nunber of cycles to the rupture in the
“abrasion test is 5,200 or nore. d@beenzazole fiber according to
claim1l, wherein the fiber haV|ng VoI wth a void size of 25. 5 A 15 or
nore. 6. A polybenzazole fiber whose the X-ray neridional diffraction
hal f- hei ght width factor is 0.3/GPa or less. 7. A polybenzazole fiber
accordi ng &géghgin16, wherein the amount of reduction of the elastic
nodul us EL ue to a nol ecular orientation change is 30 GPa or less. 8.
A pol ybenzazol e fiber according to claim®6, wherein the relaxation time T1H
of proton is 5.0 seconds or nnre 9 A pol ybenzazol e fiber according to

claim6, 25 wherein th axati T1C of carbon 13 is 2,000 45.
seconds or m)re‘i % %8??% % 8 Fn§§F g@@&?dpﬁant8q895|n16 wherei n
t he t her nal dUCtIVIt¥ is_0 23 11. A polybenzazole fiber

accor di ng F8ugBBFﬁF of Rﬁefépﬁrtﬁgrgthoﬂany PR.P8r 16fSthe expansi on

fgeiréfhegt IS .4'5ﬁ1p 99b%%ga%%lee pou%benzazogenfloer accordi ng

%ber accor
wherein the crystal orientation angle of the fiber surface
is 1.3 degrees or less.

3. A polybenzazole fiber according to claim 1,
wherein the equilibrium moisture content is 0.6% or less.

10 4, A polybenzazole fiber according to claim 1,
wherein the number of cycles to the rupture in the abrasion
test is 5,200 or more.

5. A polybenzazoie fiber according fo claim'l,
wherein the fiber having voids with a void size of 25. 5 A

15 Oor more.

6. A polybenzazole fiber whose the X-ray meridional
diffraction half-height width factor is.0.3°/GPa.or less.
7. A polybenzazole fiber according to claim 6,

wherein the amount of reduction of the elastic modulus E,

20 due to a molecular orlentatlon change is 30 GPa or less.

8. A polybenzazole fiber according to claim 6,
wherein the relaxation time T,; of proton is 5.0 seconds or
more.

9. A polybenzazole fiber according to claim 6,

25 wherein the relaxation time T,. of carbon 13 is 2,000



- .wherein the fiber elastic nodulus is 300 GPa or nore. 13. A polybenzazole
~f i ber according to claim®6, 10 wherein the fiber having voids with a void
*size of. 25. 5 A or nore. 14. A shock-resistant el enent which conprises

* “the. polybenzazole fiber according to claiml or 6. 15. Heat-resistant
felt which conprises the 15 pol ybenzazgge fiber according to claiml or 6.

seconds or more.
10. A polybenzazole fiber according to claim 6,
"wherein the thermal conductivity is 0.23 W/cm K or more.
11. A polybenzazole fiber according to claim 6,
5 wherein the anisotropy factor of the expansion coefficient
is -4.5/1,000,000 or less.
12. A polybenzazole fiber according to claim 6,

wherein the fiber elastic modulus is 300 GPa or more.

13. A polybenzazole fiber according to claim 6,
10 wherein the fiber having voids with a void size of 25. 5 A
or more.
14. A shock-resistant element which comprises the.

polybenzazole fiber according to claim 1 or 6.
15. Heat-resistant felt which comprises the

15 polybenzazole fiber according.to claim 1 or 6.



