METHCOD ECR RAPtD SPINNING’OFA POLYBENZAZOLE FI BER The present |nvéﬁ@¢ahb'
rel’ates to inproved processes for spinning fibers that contain

pol ybenzoxazol e ("PBO') or pol ybenzot hi azol e ("PBT") pol yner. ﬁos bDP%/
Lyatropic |iquid-crystalline pol ybenzoxazol e and polybenzothlazole are not
thernopl astic. -They are typically nade into fibers by dry-jet, wet-spinning
techni ques, in which a dope that contains the pol ybenzazol e pol yner and an
acid solvent is spun through a spinneret; ldrawn across an air gap, and

coagul ated by contact W igndod #oH FhriDRANIG ALY BizATOEeBER and IS a
non-sol vent for -the polyner. The individual filanents formed by this
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20 sai d proces ope at a
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' 15 spinning, especially at high speed and when the’spinneret contains orifices for a large number
of filaments. Itis desirable to minimize the number of filament breaks.
The first aspect of the present invention is a process to spin a fiber made-up of
more than one filament from a liquid-crystalline dope that contains a soivent and a
polybenzazole polymer which is polybenzoxazole, polybenzothiazole or a copolymer thereof,
20 said process comprising the steps of:
(A) spinning the dope at a temperature greater than 100°C through a spinneret that
contains a plurality of orifices, wherein the density of orifices in the spinneret is at
r . least 2.0 percm?, whereby a plurality of dope fl(aments is formed;
(8) drawing the dope filaments across an air gap that contains a gasata temperature
" 25 " ofatleast 50°Cand at most 100°C, wherein the gas flows through the air gap ata
i rate sufficient to uniformly reduce the temperature of the dope filaments; and
(e} contacting the drawn dope filaments with a washing fluid such that the solvent is
removed from the filaments. :
A second aspect of this invention is a polybenzazole fiber with an average fiber
30 dlameter of no more than about 18 pm obtained through the process of the first aspect of the
h present mventlon :
, It is theonzed wuthout being intended to be bound thereby, that when a large
number of polybenzazole filaments are spun close together at a high temperature, the outer
' . . fi Iaments ccol fgster than the inner filaments. The different filament temperatures mean that
l o o 35 "spmnmg condmons t‘ha‘t are optimal for the outer filaments are not best for the inner
filaments, and vice-versa.  The gas flow in the air gap ensures that all of the filaments -

experience a similar surrounding temperature. A controlied surrounding temperature acts 10



(B) .¢ drawing the dope filaments across an air gap that contains a gas

at a tenperature 25 of at least [err] and at nost [err],
wherein the gas flows through the air gap at a rate sufficient to uniforrﬂy
reduce the tenperature of the dope filanents; and (O contacting the

drawn dope filaments with a washing fluid such that the solvent is renoved
fromthe filanments. A second aspect of_ this invention is a polybenzazole
fiber with an average fiber 30 dianmeter of no nore than about 18 [err]
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i nvention uses_dopes at conf ai o 0 } ch 1

pol ybenzoxazol%&%@ﬁwm & —é—‘-’éjll?S ?f’(’)pé%%s& 5?“%&%@5%%‘%%%@ [err]

and random 1o Crystalline Polymer Compositions, Process and Products, LS. Patent 4,533,693 (August 6, 1985);

Evers, Thermooxidatively Stable Articulated p-Benzobisoxazole and p-Benzobisthiazole

Polymers, U.S. Patent 4,359,567 (November 16, 1982); Tsai et al., Method for Making

Heterocyclic Block Copolymer, U.S. Patent 4,578,432 (March 25, 1986); 11 Ency. Poly. Sci. & Eng.,
Polybenzothiazoles and Polybenzoxazoles, 601 (J. Wiley & Sons 1988) and W. W. Adams et al.,

15 The Materials Science and Engineering of Rigid-Rod Polymers (Materials Research Society
1989).

The polymer may contain AB-mer units, as represented in Formula 1{a), and/or

AA/BB-mer units, as represented in Formula 1(b)
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5 sequential and bl ock copolyners of PBO and PBT are described in

references such as Wlfe et al., Liquid Crystalline PolynmerConpositions,

Process and Products, U.S. Patent4, 703, 103 (Cctober 27, 1987); Wlfe et

al., Liquid Crystalline Polymer Conpositions, Process and Products. U. S.

Pat ent 4,533,692 (August 6, 1985); Wlfe et al., Liquid Crystalline

Pol y(2, 6- Benzo-t hi azol e) Conpositions. Process and Products U.S. Patent

4,533,724 (August 6, 1985); Wlfe, Ligquid 10 Crystalline Polymner

Conposi ti ons. Pkggﬁss and Products, U 'S. Patent 4,533,693 (August 6, 1985);
at
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‘Tsai-et al., Method f opolyviekisatyotdedidiqueirysiatiinBpalyrker Gbsdst i feems liauid-gystahireant
4,578, |43t2) (March |251 1%%%)65 wlllnv\iyE:}GrYt:e&tPégoﬁin sglg{i%n e&cfgg-“critEﬁﬂcyrb%ﬁﬂ&hi ?ZOl i;
The VAt ori aks. el ence ST IENS FRRAK AR R STe red ot gl e Gk
‘Research Soci ety 1989) butTtisreferhiiyearbmaydio Thedramas greup map be afused or ynfilsebsent ed
in Fornula 1(a), and/ opoidiBitembutidpleferabhe singREIRFRMbEE finy. Kidd it aritikéib)
[err] 3 whereln: Eagh/y, [epf el s A a0aunl gl alpassl BELEM SUEh ¢ hat
t he pol ybenzazol e pol yfner s a f?ST?BplE quU|8-crys al'l1ne po yneraffhat
is, it forms |iquid- cretegraférahdy no more than about 12 carbon atoms and most preferably no
i 10 more than about 6 carbon atoms. Ar'in AA/BB-mer unitsis preferably a 1,2,4,5-
-phenylene moiety or an analog thereof. Arin AB-mer unitsis preferablya
1,3,4-phenylene maoiety or an analog thereof.
EachZis indebendently an oxygen or a sulfur atom.
Each DM is independently a bond or a divalent organic moiety selected
15 such that the polybenzazole polymer is a lyotropic liquid crystalline polymer. The
divalent organic moiety is preferably an aromatic group (Ar) as previously
described. It is most preferably a 1,4-phenylene moiety or an analog thereof,
The nitrogen atom and the Z moiety in each azole ring are bonded to
adjacent carbon atoms in the aromatic group, such that a five-membered azole
20 ring fused with the aromatic group is formed.
The azole rings in AA/BB-mer units may be in cis- or trans-position with
respect to each other, as iffustrated in 11 Ency. Poly. Sci. & Eng., supra at 602.
The polymer prefer'ably consists essentially of either AB-PBZ mer units or AA/BB-
-PBZ mer units, and more preferably consists essentially of AA/BB-PBZ mer units. Azole rings
25 within the polymer are preferably oxazole rings (Z = 0).
Preferred mer units are illustrated in Formutae 2(a)-(h). The polymer more
preferably consists essentially of mer units selected from those illustrated in 2(a)-(h}, and most
preferably consists essentially of a number of identical units selected from those illustrated in _
2(a)-(d).
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domai ns, when its concentration in solution exceeds a "critical
conéentration 5 point"). The aronmatic group nay be

het erocyclic, such as a pyridinylene group, but it is preferably
carhocyclic. The aromatic group may be a fused or unfused pol ycyclic
system but is preferably a single six-nenbered ring. Size is not critical,
but the aromatic group preferably contains no nore than about 18 carbon
atons, nore preferably no nore than about 12 carbon atons and npst '
preferably no 10 nore than about 6 carbon atonms. [err] in

AA/ BB-nmer units is preferably a 1,2,4,5= 4phenyl ene noiety or an anal og
thereof. Ar in AB-mer units is preferably a 1,3, 4-phenylene noiety or an
anal og thereof. Each Z is independently an oxygen or a sulfur atom Each DM
is independently a bond or a difal ent organic noiet el ected 15

such that the pol ybenzazol e pgl i . i {d crystalline

pol yner. The?>di val ent oggani p-0mati ¢ group (Ar)
as previously described. It i . erablg a phenyl ene noi ety or an
anal og thereof. The nitrogen al\pm and the Z noiety i1n _ach azole ring are
bonded to adjacent carbon atons in the aromatic group, such that a
five-nenbered azole 20 ring fused with the aromatic group is
formed. The azole rings in AA/BB-ner units may be in c{s- or trans-position
wi th respect 340 each ot her, . Yoly. Sci. & Eng.,
supra at 602. The poly pre | Ny of either AB-PBZ
mer units or AA/BB- -PB r consi sts
essentially of AA/ BB-PBZ ner n the polymer are
ipreferably oxazole rings (Z =
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Preferred mer units are illustrated in Formulae 2(a)-(h). The polynmer nore
preterably consists essentially of nmer units selected fromthose
illustrated in 2(a)-(h), and nost preferably consists essentially of a
nunber of identical units selected fromthose illustrated in 2(a)-(d). 30
35 10 [err] - - ' [err] Each pol yner preferably contains
on average at Ieast about 25 repeating units, nore preferably at |east
about 50 repeating units and nost preferably at | east about 100 repeating
units. The intrinsic viscosity of id AA/BB-PBZ polyners in

met hanesul fonic- acid at [err] is pre rably at |east about 10 dL/g, nore
‘preferably at least about 15 dL/g and nost preferably at |east about 20
'dL/g. Forsone purposes, an intr nsic viscysity of higher than 25 dL/g or 30
dL/g may be best. Intrinsic vi ' f\60 dUg are possible. The
intrinsic viscosity of- s¢i?-r| | nmers is preferably at | east
about 5 dL/%, nore preferabl

10 | (g) _(i::::[::N%%;>_
S , and
' N
ow
. S

Each polymer preferably contains on average at least about 25 repeating units,

20

more preferably atleast about 50 repeating units and most preferably at least about 100
repeating units. The intrinsic¢ viscosity of rigid AA/BB-PBZ polymers in methanesulfonic acid at
25°Cis preferably at least about 10 dl/g, more preferably at least about 15 dl/g and most
25 preferably atleast about 20 dl/g. For some purposes, an intrinsic viscosity of higher than
25 di/g or 30 dL/g may be best. Intrinsic viscosities of 60 dUg are possible. The intrinsic viscosity
of semi-rigid AB-PBZ polymers is preferably at least about 5 dl/g, more preferably at least
about 10 dLyg and most preferably at least about 15 dl/g.
The polymer or copolymer is dissolved in a solvent to form a solution or dope.
30 Some polybenzoxazole and polybenzothiazole polymers are soluble in cresol, but the solvent is
preferably an acid capable of dissolving the polymer. The acid is preferably non-oxidizing.
. Examples of suitable acids include polyphosphoric acid, methanesulfonic acid and sulfuric acid
' and mixtures of those acids. The acid is preferably polyphosphoric acid and/or methanesulfonic
. acid, and is more preferably polyphosphoric acid.
35 The dope should contain a high enough concentration of polymer for the dope to

contain liquid crystalline domains. The concentration of the polymer is preferably at least



about 1Q dUg and nost preferably at |east about 15 dL/g. The pol yner or
copalynmer is dissolved in a solvent to forma solution or dope. Sone

pol ybenzoxazol e and pol ybenzot hi azol e pol yners are soluble in cresol, but
the solvent is preferably an acid capable of dissolving the polyner. The
acid i's preferably non-oxidizing. Exanples of suitable acids include

pol yphosphoric acid, methanesul fonig-acid and sulfuric acid and m xtures of
those acids. The acid is preferably pol yphosphoric acid and/or

met hanesul f oni c ba&lv%.gan.;traest RBfe Grellr SiliyRck abixxbmho/\phgaphwnt ShdaiGretahgy dope
shoul d contain a’, hl ur ks eg%ocgpe%te I‘ atxlan?unm Qonc{)q a¥£FP£mJ§ %EFI"QQ.IMB%&&

contain I|qU|d e concentration o ‘&8 gF
preferably at Ifeqsfv such agpolymsielubiliyandinpe Yt wntre CoRsPUrHPEY BPURT Y 54O east
about 10 wei ghtmgethas s weagnd pmt aftf Ry Abhyreatanl abas 0 aighaperteht.nei ght .

percent. The_maxi num cgng%p Heg?rcloéol{in n‘a‘@o,PJscﬂPJean%eQ%dBJ]l@n%&:hcm

f act ors, SUCFI as p0| ynmer so pe visco SIt % he concentrati on of
polyner is sel dmmeMFses"E‘TPaFFWeWEPQjMWp’é?%éhtUS BatentdSeRgop (AuRE $rdt8 t han .
about 20 wei ghtsyp&t&aINU.S. Mtent 4,772,678 (Septemiiati2d, 24BBIE Hp@ik, YIsERasen04.842 GRlupymer s and

dopes can be syiblesiaeluy ageggy\%@gm&%mé% 19§§C$Ldfe§dbu?9§@a'd%m4@§ddI n

Wl fe et al. 1 ent bert et al,, US.
Patent 4,772, 678>¢gepPesesior ePa"wB%)’ Rod Fibers feom e§°"?9&°c' e Mlaterals Sciepce 5|y

11, 1989); GiggH $agiddefira PAlrfiod Bol (ks 84, 26-ediMaterigls 88,504 9BF) In semefary.

Ledbetteretal . gAqg,d ,ﬁun%aar@i@dmmmrsamavmg’rro%es%s/xé RlondMePPat tdagedhgi d Rod

‘Fi bers fronlthe Mononers,” The Materia ;
solution'of nonoxidizing and dehydratmg ad nder nonoxlduzmg atmosphere with vigorous

mixing and high shear at a temperature that is increased in step-wise or ramped fashion from
no more than about 120°Cto at least about 190°C. Examples of suitable

15 AA-monomersinciude terephthalic acid and analogs thereof. Examples of suitable BB-
-monomers include 4,6-diaminoresorcinol, 2,5-diaminohydroquinone, 2,5-diamino-1,4-
-dithiobenzene and analogs thereof, typically stored as acid salts. Examples of suitable
AB-monomers include 3-amino-4-hydroxybenzoic acid, 3-hydroxy-4-aminobenzoic acid,
3-amino-4-thiobenzoic acid, 3-thio-4-aminobenzoic acid and analogs thereof, typically stored

20 asacid salts.

In order for the most efficient spinning, the dope should preferably be very
homogeneous and free of gas bubbles and solid particulates. This can be accomplished, but by
no means is limited to, by implementation of shear-filtration media {extensive known shear-
-filtration media includes the use of silica sand, metal filings and barticu_lates, glass beads,

- 95 sintered ceramics, sintered porous metal plates and shaped structures and metal screens).
Additional known homogenizing equipments includes single- and multiple-screw extruders,
static mixers and other mixing devices.

The dope is spun from a spinneret that contains a plurality of orifices. The density
of orifices in the spinneret should be atleast about 1.0 per cm? preferably at least about 2.0 per

30 cm? and more preferably at least abou{ 3.0 per cm?. Each orifice may be of any size desired, but
the average diameter at the point where the dope ieaves the spinneretis preferably no more
than about 0.5 mm, more preferably no more than about 0.4 mm, and most preferably no more
than about .35 mm. The orifices may be in any desired arrangement, butitis convenient to use

a circular or lattice shaped arrangement,
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10 and Engi neering of Rigid-Rod Polynmers at pp. 253-64 (Materials Res. Soc.
'1989). In sunmary, suitable nononers (AA-nononers and BB-nononers or

AB- nonomers) are reacted in a solution of nonoxidizing and dehydrating acid
under nonoxi di zi ng at nosphere with vigorous m xi ng and hi gh shear at a
tenperature that is increased. in step-wi se or ranped fashion f romno nore
than about [err] to at |east about [err}.-Exanples of suitable 15

AA- monomer s i ncl ude terephthallc acid and analogsthereof Exanples of
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‘poi nt where th
15 length of the air gap is usually at least about 5 cm and at most about 100 cm, although longer

and shorter air gaps may be used.

The gas in the air gap is at a temperature of atleast 50°C and at most 100°C. The
temperature is more preferably between about 60°C and about 90°C. The gas serves to cool the
filaments before they are contacted with a washing fluid. if the temperature is Iegs than 50°C, {

20 the filaments cool too fast. When the filaments cool too fast it has been observed that the

. spinning stress increases rapidly and spinning becomes unstable. This is believed to be the
result of the high activation energy of extensional {(elongational) flow. if the temperature is
more than 100°C, resonance-like spinning instability is believed to occur.

The cooling gas in the air gap fiows at a rate sufficient to uniformly reduce the

25 temperature of the dope filaments, so that the filaments all experience about the same cooling
profile. The rate of gas flow is between about 0.02 m/sec. and 0.1 m/sec., more preferably
between .05 misec. and 0.08 m/sec. and most preferably between .075 m/sec. and 0.08 m/sec.
The gas flow is preferably perpendicular to the direction in which the filaments move through
the air gap. _

30 After the dope filament has been drawn, it is contacted with a fluid that dilutes
the solvent and is a non-solvent for the polybenzazole polymer. The process of separating the
sofvent from the polymer is usually referred to as coagulation in the beginning and later, as
n;ost of the solvent is removed, as washing. The fluid may be a gas, such as steam, butitis
preferably a liquid and more preferably an aqueous liquid. The fiber may be contacted with

35 fluidin a bath or spray form. The bath may be in many different forms, such as the baths



than abqut 0.5 mm nore preferably no nore than about 0.4 mm and nost
pref.erably no nore than about 35 mm The orifices may be in any desired
arrangenment, but it is convenient to use a circular or lattice shaped
arrangenment. 35 7 The dope is spun through the spinneret at a
tenperature greater than [err]. The tenperature is preferably at | east
about [err] and nore preferably at |eagt about [err]. The nmaxi mnum
tenperature is limted by the stability of the dope. It is preferably no
more than about dL%rll:l;ekm apanLgdSBB\PatenI@%Lyugﬁo rr?LaFJ@pQ QJ?QHKo[s‘?EHw o‘[he .
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extrusi on vel oci t he alr pare
drawn to a spin 'WW Fiber 631‘?}%&“?‘? fuamenkaqete %’Bﬁfﬂa‘ Tgnot b %’FEIaS}‘s e east
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loose, rope-like form, usually held together by crimp. “(Dictionary of Fiber & Textile

Technology, copyright 1990 by Hoechst Celanese.)
The coagulated and washed fiber may be collected and dried by known methods.
it may be heat treated to increase tensile modulus if desired. A finish may also be applied if
15 desired. '
Fibers may be produced by the process at high speed. The speed (measured after
the coagulation/ washing step) at which fiber is produced is preferably at least about
75 m/min., more preferably at least about 100 m/min., and most preferably at least about
200 m/min. Line speeds of 400 m/min., 600 m/min. or more are possible under optimal
20 conditions.
The resulting fiber preferably has an average diameter of no more than about
21 pm (.83 mils), more preferably no more than about 19 pm (.75 mils) and most preferably no
more than about 15 pm (.59 mils). Its denier (“denier” is the weight in grams of 3000 meters of
any fiber) is preferably no more than about 5 dpf ("denier-per-filament“) and more preferably
25 nomore than about 4 dpf. The minimum filament diameter and denier are limited by practical
considerations. Each individual filament usually has an average diameter of about 8 um
(.32 mils) and an average denier of at least about .70 dpf. The average tensile strength of the
fiber is preferably at least about 200 ksi (1.38 GPa), more preferably at least about 400 ksi
(2.76 GPa), more highly preferably atleast about 600 ksi (4.14 GPa), and most preferably at
30 least about 800 ksi (5.48 GPa). The tensile modulus of the heat-treated fiber is preferably at
least 35 msi (241 éPa) and more preferably at least 42 msi (290 GPa). The tensile modulus of
non-heat-treated fiber is usually less than (aboui haif of) the tensile modulus of heat-treated
fiber.
The present invention improves the stability in the simultaneously spinning of a
35 large number of closely space filaments. It makes it possible to effectively spin while
minimizing line breaks. It has the additional benefits of reducing denier variation between

different filaments.



15 lengt.h of the air gap is usually at |east about 5 cmand at nost about

100~cm al though | onger and shorter air gaps nay be used. The gas in the

air gap is at a tenperature of at least [err] and at nost [err]. The
tenperature is nore preferably between about [err] and about [err]. The gas
serves to cool the filaments before they are contacted with a washi.ng
fluid. If the tenperature is |ess tha?_[err], 20 the filaments cool too
fast. Wien the filanents cool too fast it has been observed that the

spi nni ng stre§§ ngreases rapidly and spinning becomes unstable. This is

believed to b result of the high activation enerr?)égof ex en5| onal

(el ongational) flow [fefelrvinasrpapietas for fluatyepummsme fqv shoy dﬁh‘?fce li ke
Spi Nni ng i nst akkeh bdliyhiting tieatdpe vbdithtrahopedficatidi®@ tieaimsnynigagatedothdreisaipd  gap

flows at a ratpgmsaqggé,gelngggsa;&ym‘ggprmy reduce the 25 tenperature of the

dope filaments, so that hg | anents all experience about the sanme cooli ng
profile. The M'Wbetmen about 0.02 misec. and 0.1 nisec.
nmoke preferably betwedmoly®ér solrgaovhichrdns3ied®f h waight perredt afgis polyhrenfonszale| vy

between 075 &9 a@JBilthQ&om &ﬁﬁuaszﬂﬂ;dg@ﬁorﬁ k@%.h.sermafs@tameymper pendi cul ar

to the dlrectlon |

After the dop&°tHe w Y"'H&b‘ Jh %i?'aaﬁ‘sf"*‘r'?e ssweé%‘r?fg‘catt%d"‘\j/ﬁ?"hzegwg‘ieha%d t hat

dilutes the s@bwardomgeroperajurs. ﬁ@msslghwéhwwfmast'msﬂUvaém%lvemﬁe‘F yiker . The

process of gep@tRéhite dbRmoMMBRG arf 4i0iMTh AR HRl¥EMEssédovetS bddlel of neRéRbIed t O
as coagul :ts ! ﬁanlﬁgt steqt?erllﬁa(?lg hrc]neasg% tg‘gg%atere? {o drya %’algp ﬁéescqgest‘lbe ob?e(?\ba¥?r{}£>f ' S

renoved, , Suc
preferably a ISP'E{U"Qd‘“aHB Phsicd pmpemesffamayh - -atpa &Sl v dhat Ha’“q'ﬁé'e?‘isber may be
cont act ed W t leccabed rhate tleduBntdy viheh kpirdlingphial sdeedsiputsiiher thadaimetaynditivont. N many

different for HBule ﬁ%ﬁl t@t%ngcn?(té?\@iieuﬁ‘ength) in terms of grams/denier. For polybenzoxazole, one

15 gram/denierwas approximately equivalent to 20 ksi (the direct equivalency was
ksi = 12.83 gram/denier times density of fiber which for PBO yields an equivalency of
20.481 ksi).
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8 descri,bed in Japan Laid Cpen Patent No. 63-12710; Japan .Laid Open Patent
No. <51-35716; or Japan Published Patent No. 44-22204. The fiber is
preferably washed until the residual solvent i's reduced to | ess than about
2.0 percent, nore preferably |l ess than 0.5 percent and nost preferably | ess
t han about 0.1 percent. The filanments produced bythis process are typically
conmbined into one or nore fibers of varying thickness. This conbination

step usual | ytakes pl ace during. the process of nmaking.the filanment atthe
stage before, durin g# epé E’ the qg?glation/mashiﬁg of the filament.
Fi bers made- up =one fellanpdt] 2 & relerfed |olas] nmyifof il ament fibers and
fibers made-up rel t Hanj orde {illamént| arel rdfelrdd td as multi-fil anent
fibers. A fiber Jfow[iss| "4 1p Mar ge |st §and of| cdnt| ndous|manuf actured fi ber
filaments without ~d¢fg phittes t Rijs? | SdaB I &l ed | a{lppgd.g rdpe-like form
NI~ i1~ olo . -4 . H
usually held to by Jcr| .~ [ COi cyionary| off Fj bgr &} Textil e Technol ogy,
copyright 1990 Q =TSt Egrete)—Tier coaguitatgdandiwashed fi ber nay be
col |l ected and drfi tg/ knownwriet hedss |t} may| he heatt fre¢ated to increase .
tensil e nodul us f{i &s Fed | Alfs pF he &y al sp™he g HI"ie if 1 5 desired.
Fi bers may be pr diby thelorpc Latl hig speed (nmeasured
after the coaguljati washi nd .sted). fit, Mhich fli ber (i roduced is
Y - Sa b I 8121~ Rd N
preferably at | da%t aff vp3rfid| 8./, 3 e™ pr pRercapty Fat || east about 100
m mn., and nost Lyl atl | eadt ut 2001mii . Line speeds of 400
mmn., 600 nmm [z e prg ppsdi bte jundef qptj m
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20 conditions. The resulting fiber preferably has an average di aneter of no
nore than about 21 [err] (.83 mls), nore preferably no nore than about 19
[err] (.75 m|s) and nost preferably no nore than about 15 pm (.59 mls).
Its denier (" denier"” is the weight in grams of 9000 neters of any fiber)
Is preferably no nore than about 5 dpf ("denier-per-filanment") and nore
preferably 25 no nore than about 4 dpf. The mninumfil anment dianeter and
denier are limted by practical consi€dédlati ons. Each individual filament
usual | y has an average di aneter of about 8 [err] (.32 ﬂ1|S) and an aver age

deni er of at |east e-—TThe sty ength of the fiber
Is preferably at |east %80;(@“ ps pferably at | east
about 400 ksi (2.76|CP é jhe gilly &8} about 600 ksi
(4.14 GPa), and nos ol al 240 ks{ (5.48 GPa). The
tensil e nodul us of e Lqat ed |f | y_ ht least 35 nsi
(241 GPa) and nore R 8dts | edst <} The tensile
modut us of non-heat {treht i der} P9 us (pbout half of) the.
tensil e nodul us of leat}trjea &g flogr. H enfion inproves the
stability in the sif#tpBdaibEysp| frfi n riifber of closely
space filanments. It |makps jit]pqss|Blle pih while mnimzing
| i ne breaks. |t has{Thefj aqdi | qnaj Qgen 0 penier variation
between different filankgtis.{32{D
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Exanpl es The fol |l owi ng exanples are for

the clains. Unless stated ot herw se,

wei ght. 5

Example 1 -
consi sted of 14 weight percent of cis-polybenzoxazole (30 |

Il lustrative purposes only. They
shoul d not be taken as |limting the scope of either the specification or

al |

_ parts and percentages are by
Spi nni ng of PBO Dope A pol yner sol ution which

.V.) and

pol yphosphoric acid was extruded fromtheg spinneret at [err] under the
conditions shown in Table 1. The extruded filanments were coagulated in
dei oni zed wat er at about

I’ oom t enper at ur e.

Tlao 10 ok

ar-y B P

as it travel ed
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ifch for

air knlfe, anq hs_ qu Bdsse 0] g % g
sequential |y ingreapena | grfper “ThBl|e L aq
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N w i w l) I va
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gram deni erwas @pprpxijmat gl 0 Kksi 'hd
was ksi = 12.83] gr ajéden] &r F1 gdrs i
equi val ency of 20. 4% |i5s| 5. ~ =
g
o] o< wn 4
& _
© w
174
£
H ot ef 2 - o
3 o
K
(%)
-]
g
wi vy s o
HHHEREE s{2|81=8]| 5|3
f ] Uito ° Pl e
i s S YRR S K
5
; T
' o B
H c] a
: - - gl o
:lL51E (s
i H c - | < o f 8 1.l ~1c¢
; £ |8 Z1% ol 512 a1 313l
' 3 |3 8 Els]z IR IR
| A HHHE I BHEEHEHE
: “lslalElgElslelElg sfel2]sta
‘ 2lelsles)2lélst8ls|elnln]=
| AFRHESEHBEHEBHEEBEEE
|
1
1

The resulting fiber was washed

rwasr enoved using an
roller pairs at

escri bes the

or each fiber. The

tly when spinning at
refers to tenacity

enzoxazol e, one 15
di rect equival ency
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10-[err], 11 [err] 12 [err] 13 Cains: 1. A process for making a

fi ber Mhade-up of nore than one filament froma liquid-crystalline dope that
contains a solvent and a pol ybenzazol e pol ynerwhi ch i s pol ybenzoxazol e,

pol ybenzot hi azol e or a copol yner thereof, said process having the steps of:

- 13 -

Claims: )

1. A process for making a fiber made-up of more than one filament from a
liquid-crystalline dope that contains a solvent and a polybenzazole polymer which is
polybenzoxazole, polybenzothiazole or a copolymer thereof, said process having the steps of:
(A) spinning the dope at a temperature greater than 100°C through a spinneret that
. 5 contains a plurality of orifices, wherein the density of orifices in the spinneret is at

least 2.0 per cm?, whereby a plurality of dope filaments is formed;

(8) drawing the dope filaments across an.air gap that contains a gas at a temperature
of at least 50°C and at most 100°C, wherein the gas flows through the airgap at a
rate sufficient to uniformly reduce the temperature of the dope filaments; and

10 @ contacting the drawn dope filaments with a fluid such that the solvent is removed

from the filaments.

2. The process of Claim 1 in which the filaments are combined into one or more
fibers before, during or after the time said filaments are contacted with said washing fluid.

3. The process of Claim 1 in which the flow rate of the gasin the air gap is at

15 least.02 meters/second. |

4. The process of Claim 1 in which the flow rate of the gas in the air gap is at least
.05 metersfsecond.

5. The process of Claim 1 in which the flow rate of the gas in the air gap is at least
0.1 meters/second.

20 6. A polybenzazcle filament made by the process of Claim 1.

7. A polybenzazole filament with an average filament diameter of no more than
about 21 um obtained through the process of Claim 1.
8. A polybenzazole filament with an average filament diameter of no more than
about 18 pm obtained through the process of Claim 1.
25 9. The polybenzazole filament of Claim 6 in which the polybenzazole is
polybenzoxazole.
10. The polybenzazole filament of Claim 7 in which the polybenzazole is

; paolybenzoxazole.

30
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A, spinning the dope at a tenperature greater than [err] through a
spi rnefet that 5 contains a plurality of orifices, wherein the
density of orifices in the spinneret is at least 2.0 per [err], wher eby a
plurality of dope filaments is forned; (B)

filanments across an air gap that contains a gas at JW%%EEEHAS&BE(EN t

——-HJ;'

| east [err] and at nost [err], wherein the gas fl t hiREPHACEDe ai rf[gap at
a rate sufficient to uniforrﬂy reduce the tenperature of the dope—
filanments; and 10 (C) contact i néﬁﬁﬁfég?awn dope filanentswith a

fluid such that the solvent is renoved fromthe filanents. 2. The process
of Cdaiml1l in which the filaments are conbined into one or nore fibers

bef duri ft i i d
vashi ng 10 4 3. The byiyiSedddford Bot vkl Hebel' Bl 1 B6h > Enllobgri ¢
in the air gap i Ssﬁnr;éréi’?aﬁﬁv:ﬁ& HBLEr /et el cﬂ-heol?r Qﬁeﬁﬁdgs Giiml

in which the flowrate of the gaS In the air gap is at | east

neters/second. 5.rdIcFELESS166e bRbRIAILY. Whirtl Wopef Imaﬁr&sﬁfdm gas
inthe air gap is at least 0.1 neters/second. 20

pol ybenzazol e filaw@ntthee pydde fhooests odn Claimm gap . vlhimi ybﬁaﬂs‘cazwl e
filament with an average filanent di aneter of no nmore than about 21 [err]
obt ai ned t hr ough témperaioess of ftaleast 80°Q podybtnmeosd 400 ICrand avith
an average filanment dianeter of no nore than about 18 pm obtai ned through
the process of Clgasnflowpsufficient to wnifpmmipreduseatheempenainre

Caim 6 in which the poI ybenzazole is
the ‘dope filaments. The filaments cool in the air

gap and are then coagulated.

Sheet Has Been Re laced
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10. The polybenzazole filanment of Cla|n17 |n whi ch the

pol ybenzoxazol e.
30 35 .

pol ybenzazol e i s pol ybenzoxazol e.

METHOD FOR RAPID SPINNING OF A POLYBENZAZOLE FIBER

ARSTRACT

Polybenzezole polymer dopil are spun through &
spinneret having more than 2 per cm?, of orifices in
relatively close proximity. The dope filaments formed,

s then pass through an air gap vhich has a temparature of
S0 to 100°C and a gas flow sufficient to uniformly
reduce the temperature of the dope filaments. The
filaments oool in the alr gap and are then ocoagulated.
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