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(57) ABSTRACT 
ApolybenZaZoleolybenZaZole having a residual content of a 
BB-PBZ monomer of not more than 0.010 Wt %, Which is 
obtained by dehydration polymerization condensation of an 
AA-PBZ monomer of the formula (I) 

Wherein Ar is a quadrivalent aromatic organic residue and X 
is O, S or NH, and a BB-PBZ monomer of the formula (II) 

W-Z-W (II) 

Wherein Z is an optionally substituted divalent aromatic 
organic residue and W is a carboXyl group or a group derived 
from the carboXyl group, Which is reactive With —XH in the 
AA-PBZ monomer. Because the residual content of the 
BB-PBZ monomer in polybenZaZole is not more than 0.010 
Wt %, a polybenZaZole ?ber having a small ?lament denier 
can be produced stably at a high speed Without suffering 
from thread breakage during the production. 
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POLYBENZAZOLE AND FIBER THEREOF 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to polybenZaZole that 
can be formed into a ?ber or a ?lm having high strength and 
high heat resistance, and to a ?ber obtained therefrom. 

BACKGROUND OF THE INVENTION 

[0002] PolybenZaZole represented by polybenZobisox 
aZole, polybenZobisthiaZole and polybenZobisimidaZole can 
be formed into a ?ber or a ?lm having high strength (e.g., 
high tensile strength), high elastic modulus (e. g., high tensile 
modulus) and high heat resistance. For the high strength and 
high elastic modulus of polybenZaZole to be expressed, it is 
preferable that the reaction for the production of polyben 
ZaZole be conducted to afford a number average polymer 
iZation degree of not less than 100, and the ?ber or ?lm be 
formed from a dope having a high polymer content affording 
liquid crystallinity. For this end, polybenZaZole needs to be 
produced in polyphosphoric acid made to have a high 
concentration by the use of diphosphorus pentaoxide, as 
described in WO84/01160. The polymer dope resulting from 
this method contains a polymer having a rigid molecular 
chain at a high concentration. As a result, its viscosity 
becomes extremely high and processing thereof into a ?ber 
becomes very dif?cult. UtiliZing the superior physical prop 
erties, the spinning rate may be set high and the ?lament 
denier of a ?ber may be made small, With the consequence 
that thread breakage occurs frequently and the productivity 
becomes signi?cantly loW. 

[0003] To solve the problem of loW productivity, improve 
ments in connection With the apparatus have been made. For 
example, JP-A-7-157918 proposes the use of a noZZle hav 
ing a revised shape for the production of a ?ber, thereby to 
increase productivity by producing a ?ber having a small 
?lament denier at a high speed. HoWever, the proposed 
improvement in the aspect of apparatus is insuf?cient to 
provide a desired level of the effect, suggesting the need to 
improve polybenZaZole itself. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention to 
provide polybenZaZole suitable for stable production of a 
?ber having a small ?lament denier at a high speed Without 
suffering from thread breakage, and a ?ber made therefrom. 

[0005] According to the present invention, there is pro 
vided polybenZaZole capable of accomplishing the above 
mentioned object, Which contains not more than 0.010 Wt % 
of an unreacted BB-PBZ monomer. 

[0006] The present invention provides polybenZaZole 
obtained by dehydration polymeriZation condensation of an 
AA-PBZ monomer of the folloWing formula (I) and a 
BB-PBZ monomer of the folloWing formula (II), Which 
polybenZaZole has a residual content of the BB-PBZ mono 
mer of not more than 0.010 Wt %. 
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[0007] Wherein Ar is a quadrivalent aromatic organic 
residue and X is O, S or NH; 

[0008] BB-PBZ monomer 

W-Z-W (II) 

[0009] Wherein Z is an optionally substituted divalent 
aromatic organic residue and W is a carboxyl group or a 
group derived from the carboxyl group, Which is reactive 
With —XH in the AA-PBZ monomer. 

[0010] The preferable embodiments are as folloWs. The 
above-mentioned polybenZaZole Wherein the AA-PBZ 
monomer is 4,6-diaminoresorcinol. The above-mentioned 
polybenZaZole Wherein the BB-PBZ monomer is tereph 
thalic acid. The above-mentioned polybenZaZole Which is 
polyparaphenylene-benZobisoxaZole. The above-mentioned 
polybenZaZole Which has a residual BB-PBZ monomer 
content of not more than 0.005 Wt %. The above-mentioned 
polybenZaZole Which has a number average polymeriZation 
degree of not less than 30. The above-mentioned polyben 
ZaZole Which has a number average polymeriZation degree 
of not less than 200. 

[0011] The present invention also provides a ?ber obtained 
by forming the above-mentioned polybenZaZole. 

[0012] In a preferable embodiment, the ?ber has a tensile 
strength of not less than 35 g/d. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The present invention is explained in detail in the 
folloWing. The polybenZaZole of the present invention is a 
polymer obtained by dehydration polymeriZation condensa 
tion of an AA-PBZ monomer of the above-mentioned for 
mula (I) and a BB-PBZ monomer of the above-mentioned 
formula (II). 

[0014] The AA-PBZ monomer used in the present inven 
tion is represented by the above-mentioned formula (I), 
WhereinAr is a quadrivalent aromatic organic residue and X 
is O, S or NH. Examples of the quadrivalent aromatic 
organic residue include beZenetetrayl group, biphenyltetrayl 
group and the like, With particular preference given to 
beZenetetrayl group. 

[0015] Examples of the AA-PBZ monomer of the above 
mentioned formula (I) include 4,6-diaminoresorcinol, 2,4 
diamino-1,S-benzenedithiol, 2,5-diamino-1,4-benZene 
dithiol, 1,2,4,5-tetraaminobenZene, 3,3,4‘,4‘, 
biphenyltetramine and the like. Inorganic acid salts (e.g., 
hydrochloride, hydrobromide, phosphate and the like) of 
these monomers can be also used. 

[0016] The BB-PBZ monomer used in the present inven 
tion is represented by the above-mentioned formula (II), 
Wherein Z is an optionally substituted divalent aromatic 
organic residue. Examples of the divalent aromatic organic 
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residue include phenylene group, biphenylene group, naph 
thylene group and the like, With particular preference given 
to phenylene group. The substituent of the aromatic organic 
residue may be hydroxyl group, alkyl group having 1 to 4 
carbon atoms, alkoxyl group having 1 to 4 carbon atoms, 
halogen atom, sulfonic acid group and the like, Which may 
be used alone or in combination. 

[0017] W is a carboxyl group or a group Which is derived 
from the carboxyl group and Which is capable of reacting 
With —XH in the AA-PBZ monomer of the above-men 
tioned formula Examples thereof include a carboxyl 
group, a carboxylic ester group and a carbonyl halide group. 

[0018] Examples of the BB-PBZ monomer of the above 
mentioned formula (II) include dicarboxylic acids such as 
terephthalic acid, isophthalic acid, 4,4‘-biphenyldicarboxylic 
acid, 2,6-naphthalenedicarboxylic acid and the like; dicar 
bonyl dihalides such as terephthaloyl dichloride, isophtha 
loyl dichloride, 4,4‘-biphenyldicarbonyl dichloride, 2,6 
naphthalenedicarbonyl dichloride and the like; dicarboxylic 
esters such as dimethyl terephthalate, dimethyl isophthalate, 
dimethyl 4,4‘-biphenyldicarboxylate, dimethyl 2,6-naphtha 
lenedicarboxylate and the like; and the like. 

[0019] Therefore, the polybenZaZole of the present inven 
tion can be polyparaphenylenebenZobisthiaZole, polypar 
aphenylenebenZobisoxaZole, polyparaphenylenebenZobi 
simidaZole and the like, or a polymer having a repeat unit of 
the folloWing formulas (1)-(3). The repeat unit may be of 
only one kind or tWo or more kinds. 

(1) 

N N 

(2) 
X N 

x x4 
N X 

(3) 
X 

[0020] Wherein X and Z are as de?ned above. 

[0021] Examples of Z include the groups of the folloWing 
formulas (4)-(7): 

(4) 
R1 

{1% 
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-continued 
(5) 

W \§/\ 
R1 R2 

(6) 
R1 
/\/ I \ 

\ /\/ 
R2 

(7) 
— / \ 

R1/\\ / — R2 

[0022] Wherein R1 and R2 may be the same or different and 
each is hydrogen atom, hydroxyl group, alkyl group having 
1 to 4 carbon atoms, alkoxyl group having 1 to 4 carbon 
atoms, halogen atom, sulfonic acid group and the like. 

[0023] In the present invention, polybenZaZole may be a 
copolymer, Which may be random, sequential or block. In 
addition, not more than 50 Wt % of polybenZaZole may be 
copolymeriZed With polyaramid or polyimide. 

[0024] For the desired improvement in the productivity, 
polybenZaZole preferably used in the present invention is 
polyparaphenylenebenZobisthiaZole, polyparaphenyle 
nebenZobisoxaZole or polyparaphenylenebenZobisimi 
daZole. 

[0025] In the present invention, the polybenZaZole has a 
number average polymeriZation degree of preferably not less 
than 30, more preferably not less than 100, particularly 
preferably not less than 200. When the number average 
polymeriZation degree is less than 30, a ?ber or ?lm having 
high strength and high elastic modulus may not be obtained. 
The number average polymeriZation degree can be deter 
mined by dissolving the polymer in methanesulfonic acid 
and applying the resulting solution to gel permeation chro 
matography using a column packed With a strong anion 
exchange resin. 

[0026] According to the present invention, the intrinsic 
viscosity of polybenZaZole as measured in methanesulfonic 
acid at 25° C. is preferably not less than 10 dl/g, more 
preferably not less than 15 dl/g, particularly preferably not 
less than 20 dl/ g. When the intrinsic viscosity is less than 10 
dl/g, a ?ber or ?lm having high strength and high elastic 
modulus may not be obtained. 

[0027] When the polybenZaZole is polybenZobisoxaZole, it 
can be produced by, for example, reacting 4,6-diaminore 
sorcinol and aromatic dicarboxylic acid or a derivative 
thereof. When it is polybenZobisthiaZole, it can be produced 
by, for example, reacting 2,5-diamino-1,4-benZenedithiol 
and aromatic dicarboxylic acid or a derivative thereof. When 
it is polybenZobisimidaZole, it can be produced by, for 
example, reacting 1,2,4,5-tetraaminobenZene and aromatic 
dicarboxylic acid or a derivative thereof. 

[0028] This reaction is carried out in polyphosphoric acid 
or polyphosphoric acid additionally containing diphospho 
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rus pentaoxide. In general, the concentration, upon phos 
phoric acid conversion, of polyphosphoric acid used for the 
reaction is 110-130 Wt %. The ultimate concentration (upon 
phosphoric acid conversion) of polyphosphoric acid in the 
polymer dope is preferably 105-120 Wt %, more preferably 
112-118 Wt %, particularly preferably 115-117 Wt %. 

[0029] The polymer dope needs to shoW liquid crystal 
characteristics to impart desirable physical property to a 
formed ?ber. For this end, the polymer content is preferably 
about not less than 7 Wt %, more preferably not less than 10 
Wt %, most preferably not less than 14 Wt %. The maximum 
polymer content is subject to limitation due to the practi 
cality in terms of solubility of polymer and viscosity of the 
dope. Therefore, a dope having a polymer content of not less 
than 30 Wt % is seldom used, but a dope generally having a 
polymer content of not more than 20 Wt % is mostly used. 

[0030] The polymeriZation reaction temperature of the 
polymer is gradually raised from around 50-70° C. and the 
polymer is ?nally reacted at a temperature of not less than 
200° C. As soon as the objective polymeriZation degree is 
achieved, the temperature is loWered to not more than 180° 
C. to prevent the reaction from proceeding further. A reac 
tion temperature of not less than 230° C. is not preferable 
because it degrades the polymer and corrodes the reaction 
apparatus. The reaction time varies depending on the tem 
perature, but it is approximately 2-5 hours at 70-130° C., 2-8 
hours at 150-180° C., and 1 hour at 180-210° C. 

[0031] A desired polymeriZation degree can be achieved 
by charging one of the AA-PBZ monomer and the BB-PBZ 
monomer at a greater molar ratio than the other and, Where 
necessary, adding an amount insuf?cient of the other mono 
mer at a later stage, thereby adjusting the molar ratio; by 
using a chain terminator, such as o-aminophenol, benZoic 
acid and the like; by loWering the temperature after a desired 
polymeriZation degree is achieved, thereby to substantially 
stop the reaction, While monitoring the viscosity of the 
polymer dope, and therefore, the polymeriZation degree 
thereof derived from the viscosity, using the rotating torque 
of screW and the like; or by other method. These methods 
may be used in combination. 

[0032] In the context of the present invention, by the 
residual content of the BB-PBZ monomer is meant a ratio 
relative to the total Weight of polybenZaZole and unreacted 
BB-PBZ monomer. 

[0033] The polybenZaZole having the residual BB-PBZ 
monomer content of not more than 0.010 Wt % can be 

obtained by the folloWing methods, besides the above 
mentioned methods for achieving a desired polymeriZation 
degree. In the case of polybenZobisoxaZole, for example, 
4,6-diaminoresorcinol is used 0.1-1.0 mol % in excess of 
aromatic dicarboxylic acid or a derivative thereof. In the 
case of polybenZobisthiaZole, for example, 2,5-diamino-1, 
4-benZenedithiol is used 0.1-1.0 mol % in excess of aromatic 
dicarboxylic acid or a derivative thereof. In the case of 
polybenZobisimidaZole, for example, 1,2,4,5-tetraami 
nobenZene is used 0.1-1.0 mol % in excess of aromatic 
dicarboxylic acid or a derivative thereof. They are reacted at 
a temperature of not less than 200° C. for not less than 5 
minutes, and after the polymeriZation reaction, the unreacted 
BB-PBZ monomer is removed by reducing the pressure. 
When the BB-PBZ monomer is a sublimable monomer, it 
can be held at not less than 180° C. for a period of several 
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minutes to several doZen minutes to alloW active surface 
reneWal in a high shear ?eld as in a tWin-screW kneader, 
thereby to remove the unreacted BB-PBZ monomer. 

[0034] The desired polybenZaZole can be also obtained by 
the folloWing method. That is, the polymeriZation reaction is 
divided into tWo steps, Wherein, in the ?rst step, an AA-PBZ 
monomer is used 2.0-5.0 mol % in excess of the BB-PBZ 
monomer to give a polybenZaZole oligomer having a loW 
polymeriZation degree. In the second step, this oligomer and 
a slurry of BB-PBZ monomer, Wherein a BB-PBZ monomer 
having a median diameter of not more than 3 pm has been 
thoroughly dispersed in polyphosphoric acid, are continu 
ously fed into a single screW or multi screW extruder. The 
mixture is made to reside in the extruder for 5-30 minutes at 
190-230° C. to alloW reaction, Whereby a polybenZaZole 
polymer dope containing unreacted BB-PBZ monomer in a 
proportion of not more than 0.010 Wt % is obtained. The 
slurry of the BB-PBZ monomer is obtained by stirring and 
dispersing the BB-PBZ monomer in polyphosphoric acid 
having a concentration of not less than 115% (upon phos 
phoric acid conversion) for not less than 24 hr in vacuo. This 
slurry preferably has a solid concentration of 3-15 Wt % and 
a slurry viscosity of 50-500 poise (at 60° C.). Any deviation 
from this range may result in insuf?cient mixing With the 
above-mentioned oligomer in an extruder or a greater 
residual content of the BB-PBZ monomer. 

[0035] The polybenZaZole of the present invention thus 
obtained is characteriZed by the residual content of the 
BB-PBZ monomer of not more than 0.010 Wt %, preferably 
not more than 0.005 Wt %, more preferably not more than 
0.001 Wt %. When the residual content exceeds 0.010 Wt %, 
thread breakage occurs during the high speed production of 
a ?ber having a small ?lament denier. 

[0036] In contrast, the residual AA-PBZ monomer 
scarcely exerts an in?uence. Even When it remained in about 
0.5 Wt %, as long as the residual content of the BB-PBZ 
monomer is not more than 0.010 Wt %, a ?ber having a small 
?lament denier can be produced at a high speed Without 
suffering from thread breakage. 

[0037] There are many patents relating to ?bers formed 
from polybenZaZole. A ?ber can be made from a polyben 
ZaZole polymer or copolymer obtained by the use of 4,6 
diaminoresorcinol, by a method conventionally knoWn, such 
as the methods described in US. Pat. No. 5,296,185 and 
US. Pat. No. 5,294,390. 

[0038] The folloWing explains in detail the production 
method of one embodiment of the present invention, poly 
paraphenylenebenZobisoxaZole. 

[0039] 4,6-Diaminoresorcinol dihydrochloride, ?nely 
microniZed terephthalic acid particularly preferably having a 
median diameter of not more than 3 pm, polyphosphoric 
acid (116 Wt %) and diphosphorus pentaoxide are charged in 
a reaction tank equipped With a ribbon-shaped impeller. The 
amount of each material is adjusted to make the polymer 
content 14 Wt % and the polyphosphoric acid concentration 
after the reaction 116 Wt % (upon phosphoric acid conver 
sion), and 4,6-diaminoresorcinol dihydrochloride is added 
0.1-0.5 mol % in excess of the ?nely microniZed terephthalic 
acid. 

[0040] After charging each of the above-mentioned mate 
rials, the temperature of the mixture is gradually raised from 
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about 70° C. With stirring, and the mixture is reacted at about 
160° C. for 5-8 hours. To promote the reaction, the mixture 
is fed into a reaction vessel having a strong shear force, such 
as that produced by a tWin-screW kneader. The temperature 
is raised to 210° C. to carry out the reaction, and the 
viscosity of the polymer dope is monitored by observing the 
rotating torque of screW necessary for the stirring. The 
polymerization degree can be knoWn from the viscosity of 
the polymer dope. When the desired polymeriZation degree 
is achieved, the temperature is immediately loWered to 
170-180° C. Keeping the temperature at 170-180° C., the 
pressure of the system is loWered to not more than 10 
mmHg. The residual unreacted terephthalic acid is removed 
from the reaction system to give a polymer dope of poly 
paraphenylenebenZobisoxaZole. 

[0041] Alternatively, 4,6-diaminoresorcinol dihydrochlo 
ride 2.0-5.0 mol % in excess of ?nely microniZed tereph 
thalic acid particularly preferably having a median diameter 
of not more than 3 pm, and the ?nely microniZed tereph 
thalic acid are charged in a reaction tank equipped With a 
ribbon-shaped impeller, in the same manner as in the above 
mentioned method, together With polyphosphoric acid (116 
Wt %) and phosphorus pentoxide. After charging each of the 
above-mentioned materials, the temperature of the mixture 
is gradually raised from about 70° C. With stirring, and the 
mixture is reacted at about 160° C. for 5-10 hours to give an 
oligomer of polyparaphenylenebenZobisoxaZole. This oligo 
mer and a slurry of terephthalic acid having a viscosity of 
160 poise (at 60° C.) and a solid concentration of 10 Wt %, 
Wherein ultra-?nely microniZed terephthalic acid having a 
median diameter of about 2.0 pm has been dispersed in 
polyphosphoric acid (about 116 Wt %) and stirred for not 
less than 24 hr in vacuo, are continuously fed into a tWin 
screW extruder. The tWin screW extruder is heated to 190 
220° C. to complete the reaction, Whereby a polymer dope 
of polyparaphenylenebenZobisoxaZole is obtained. 

[0042] The polyparaphenylenebenZobisoxaZole has a 
residual terephthalic acid content of not more than 0.010 Wt 
%. 

[0043] The obtained polymer dope is fed into a spinning 
part, and the dope is spun/discharged into a non-coagulative 
gas, such as nitrogen, from a spinneret having a hole 
diameter of 0.1-0.3 mm generally at a temperature of not less 
than 100°C. The obtained dope ?lament (?lament before 
extraction of polyphosphoric acid) is taken up by a stress 
isolation apparatus (e.g., godet roller) at a constant rate of 
not less than 200 m/min, and stretched in the non-coagula 
tive gas. 

[0044] The dope ?lament solidi?ed by cooling after spin 
ning is led to a coagulation bath using Water or an alcohol 
solution. The ?lament that passed the coagulation bath is 
passed through a godet roller, and is ?nally Washed in an 
extraction bath using Water, methanol and the like, until the 
content of phosphoric acid in the ?lament decreases to not 
more than 1.0 Wt %, preferably not more than 0.5 Wt %. 
Thereafter, the ?lament is neutraliZed With an aqueous 
sodium hydroxide solution and the like and Washed With 
Water. 

[0045] After these steps, the ?lament is dried in a dryer 
using high temperature air and the like. The thus-obtained 
?ber preferably has sufficient tensile strength of not less than 
35 g/d, more preferably not less than 40 g/d, and suf?ciently 
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high tensile modulus of not less than 1000 g/d, more 
preferably not less than 1100 g/d. The incidence of thread 
breakage during the spinning process is preferably not more 
than once/100000 m, more preferably not more than once/ 
200000 m. 

[0046] As used herein, the ?ber encompasses a multi?la 
ment, a staple ?ber and a mono?lament. 

[0047] The present invention is explained in detail by 
referring to comparative examples and examples. The 
present invention is not limited by these examples in any 
Way. In the Examples, the intrinsic viscosity of the poly 
benZaZole polymer Was measured at 25° C. using methane 
sulfonic acid as a solvent. The residual content of BB-PBZ 
monomer Was quantitatively determined by dissolving the 
polymer in methanesulfonic acid, extracting a loW molecular 
Weight material With a mixed solvent of Water and hexa?u 
oroisopropanol and applying the resulting solution to high 
performance liquid chromatography. In addition, the number 
average polymeriZation degree of polybenZaZole Was deter 
mined by dissolving the polymer in methanesulfonic acid 
and applying the resulting solution to gel permeation chro 
matography using a column packed With a strong anion 
exchange resin. The tensile strength and tensile modulus 
Were measured according to 115 L 1096 (20° C., 65% RH, 
distance betWeen chucks 20 cm, tensile strength 20 cm/min). 

EXAMPLE 1 

[0048] Diphosphorus pentaoxide (14.49 kg) Was added to 
polyphosphoric acid (43.86 kg, 116%) under a nitrogen 
atmosphere. 4,6-Diaminoresorcinol dihydrochloride (9.10 
kg) and ?nely microniZed terephthalic acid (7.05 kg) having 
a median diameter of 2 pm Were added, and the mixture Was 
stirred and mixed in a reaction tank at 70° C. for 1 hour. The 
temperature Was raised to 150° C. over 4 hours, and the 
mixture Was heated and mixed for 10 more hours and fed 
into a single screW extruder heated to 210° C. With a gear 
pump. The extruded dope Was fed into a tWin screW extruder 
equipped With a vent line While cooling the dope to 180° C. 
The unreacted monomer Was removed from the vent line by 
decreasing the pressure to give a polymer dope. The cis 
polyparaphenylenebenZobisoxaZole in the dope had an 
intrinsic viscosity of 30 dl/g and a number average poly 
meriZation degree of 440. The BB-PBZ monomer (tereph 
thalic acid) remained unreacted in the polymer in a propor 
tion of 0.002 Wt %. 

[0049] The above-mentioned steps Were repeated 4 times. 
The obtained dope (300 kg) Was maintained at a temperature 
of 170° C., delivered from the extruder to a gear pump, and 
spun from a spinneret having 116 holes, each having a hole 
diameter of 0.20 mm, at 170° C. Using cooling air at a 
temperature of 60° C., the obtained dope ?laments Were 
cooled, brought into contact With an aqueous phosphoric 
acid solution, and taken up by a godet roller at a rate of 600 
m/min. The obtained ?laments Were Washed until the phos 
phoric acid content decreased to 0.5 Wt %, neutraliZed With 
an aqueous sodium hydroxide solution, Washed With Water 
and dried at 200° C. The obtained ?ber (multi?lament) had 
a tensile strength of 38 g/d and a tensile modulus of 1034 
g/d. The incidence of thread breakage during the spinning 
process Was once/1600000 m on average. 

EXAMPLE 2 

[0050] Diphosphorus pentaoxide (14.49 kg) Was added to 
polyphosphoric acid (43.86 kg, 116%) under a nitrogen 
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atmosphere. 2,5-Diamino-1,4-benZenedithiol dihydrochlo 
ride (10.47 kg), ?nely microniZed 4,4‘-biphenyldicarboxylic 
acid (5.15 kg) and ?nely microniZed terephthalic acid (3.53 
kg) having a median diameter of 2.2 pm Were added, and the 
mixture Was stirred and mixed in a reaction tank at 70° C. 
for 1 hour. The temperature Was raised to 150° C. over 6 
hours, and the mixture Was heated and mixed for 120 more 
hours and fed into a single screW extruder heated to 215° C. 
With a gear pump. The extruded dope Was fed into a tWin 
screW extruder equipped With a vent line, While cooling the 
dope to 180° C. The unreacted monomer Was removed from 
the vent line by decreasing the pressure to give a polymer 
dope. The copolymer of trans-polyparabiphenylenebenZo 
bisthiaZole and trans-polyparaphenylenebenZobisthiaZole in 
the dope had an intrinsic viscosity of 30 dl/g and a number 
average polymeriZation degree of 420. The BB-PBZ mono 
mer (4,4‘-biphenyldicarboxylic acid and terephthalic acid) 
remained unreacted in the copolymer in a proportion of 
0.001 Wt %. 

[0051] The above-mentioned steps Were repeated 4 times. 
The obtained dope (300 kg) Was spun in the same manner as 
in Example 1. The obtained ?ber (multi?lament) had a 
tensile strength of 41 g/d and a tensile modulus of 1081 g/d. 
The incidence of thread breakage during the spinning pro 
cess Was once/ 1250000 m on average. 

EXAMPLE 3 

[0052] Diphosphorus pentaoxide (7.25 kg) Was added to 
polyphosphoric acid (21.93 kg, 116%) under a nitrogen 
atmosphere. 2,5-Diamino-1,4-benZenedithiol dihydrochlo 
ride (5.24 kg) and ?nely microniZed terephthalic acid (3.20 
kg) having a median diameter of 2.2 pm Were added, and the 
mixture Was stirred and mixed in a reaction tank at 70° C. 
for 1 hour. The temperature Was raised to 150°C. over 6 
hours, and the mixture Was heated and mixed for 12 more 
hours to give a dope of an oligomer of trans-polyparaphe 
nylenebenZobisthiaZole. Separately, diphosphorus pentaox 
ide (7.25 kg) Was added to polyphosphoric acid (21.93 kg, 
116%) under a nitrogen atmosphere. 4,6-Diaminoresorcinol 
dihydrochloride (4.50 kg) and 4,4‘-biphenyldicarboxylic 
acid (4.80 kg) Were added, and the mixture Was stirred and 
mixed in a reaction tank at 70° C. for 1 hour. The tempera 
ture Was raised to 150°C. over 6 hours, and the mixture Was 
heated and mixed for 12 more hours to give a dope of an 
oligomer of cis-polyparabiphenylenebenZobisoxaZole. 

[0053] The dopes of the above-mentioned tWo kinds of 
oligomers and ?nely microniZed terephthalic acid (0.70 kg) 
Were mixed in a reaction tank at 150°C. for 1 hour and fed 
into a single screW extruder heated to 215° C. With a gear 
pump. The extruded dope Was fed into a tWin screW extruder 
equipped With a vent line While cooling the dope to 180° C. 
The unreacted monomer Was removed from the vent line by 
decreasing the pressure to give a polymer dope. 

[0054] The block copolymer of trans-polyparaphenyle 
nebenZobisthiaZole and cis-polyparabiphenylenebenZo 
bisoxaZole in the dope had an intrinsic viscosity of 28 dl/g 
and a number average polymeriZation degree of 390. The 
BB-PBZ monomer (4,4‘-biphenyldicarboxylic acid and 
terephthalic acid) remained unreacted in the block copoly 
mer in a proportion of 0.004 Wt %. 

[0055] The above-mentioned steps Were repeated 4 times. 
The obtained dope (300 kg) Was spun in the same manner as 
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in Example 1. The obtained ?ber (multi?lament) had a 
tensile strength of 42 g/d and a tensile modulus of 1081 g/d. 
The incidence of thread breakage during the spinning pro 
cess Was once/600000 m on average. 

EXAMPLE 4 

[0056] Diphosphorus pentaoxide (14.49 kg) Was added to 
polyphosphoric acid (43.86 kg, 116%) under a nitrogen 
atmosphere. 4,6-Diaminoresorcinol dihydrochloride (9.10 
kg) and ?nely microniZed terephthalic acid (6.87 kg) having 
a median diameter of 3.0 pm Were added, and the mixture 
Was stirred in a reaction tank at 60° C. for 1 hour. The 
temperature Was raised to 160°C. over 6 hours, and the 
mixture Was heated and mixed for 10 more hours to give a 
dope of an oligomer of cis-polyparaphenylenebenZobisox 
aZole. 

[0057] Separately, ?nely microniZed terephthalic acid 
(7.30 kg) having a median diameter of 1.9 pm and poly 
phosphoric acid (90.00 kg, 116%) Were charged in a reaction 
tank equipped With a ribbon-shaped impeller. The mixture 
Was stirred and dispersed at 60°C. for 48 hour in vacuo at 
less than 1 mmHg to give a slurry of terephthalic acid. The 
slurry had a viscosity of 230 poise at 60°C. 

[0058] The above-mentioned dope of cis-polyparaphe 
nylenebenZobisoxaZole oligomer and slurry of terephthalic 
acid Were continuously fed into a tWin screW extruder heated 
to 210°C. to give a polymer dope of cis-polyparaphenyle 
nebenZobisoxaZole. The viscosity of the polymer dope Was 
adjusted by changing the amount of slurry of terephthalic 
acid to be fed, While monitoring the viscosity With the 
pressure of a tip of the extruder, thereby to achieve a desired 
polymeriZation degree. The cis-polyparaphenylenebenZo 
bisoxaZole in the dope had an intrinsic viscosity of 29 dl/g 
and a number average polymeriZation degree of 410. The 
BB-PBZ monomer (terephthalic acid) remained unreacted in 
the polymer in a proportion of 0.001 Wt %. 

[0059] The above-mentioned steps Were repeated 4 times. 
The obtained dope (290 kg) Was spun in the same manner as 
in Example 1. The obtained ?ber (multi?lament) had a 
tensile strength of 45 g/d and a tensile modulus of 1220 g/d. 
The incidence of thread breakage during the spinning pro 
cess Was once/1000000 m on average. 

COMPARATIVE EXAMPLE 1 

[0060] Diphosphorus pentaoxide (14.49 kg) Was added to 
polyphosphoric acid (43.86 kg, 116%) under a nitrogen 
atmosphere. 4,6-Diaminoresorcinol dihydrochloride (9.10 
kg) and ?nely microniZed terephthalic acid (7.06 kg) having 
a median diameter of 2 pm Were added, and the mixture Was 
stirred in a reaction tank at 70°C. for 1 hour. The temperature 
Was raised to 150°C. over 4 hours, and the mixture Was 
heated and mixed for 10 more hours and fed into a single 
screW extruder heated to 210° C. With a gear pump. The 
cis-polyparaphenylenebenZobisoxaZole in the obtained 
polymer dope had an intrinsic viscosity of 32 dl/g and a 
number average polymeriZation degree of 460. The BB-PBZ 
monomer (terephthalic acid) remained unreacted in the 
polymer in a proportion of 0.024 Wt %. 

[0061] The above-mentioned steps Were repeated 3 times. 
The obtained dope (200 kg) Was spun in the same manner as 
in Example 1. The obtained ?ber (multi?lament) had a 
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tensile strength of 40 g/d and a tensile modulus of 1041 g/d. 
The incidence of thread breakage during the spinning pro 
cess Was once/60000 m on average. 

COMPARATIVE EXAMPLE 2 

[0062] In the same manner as in Example 3, a dope of the 
oligomer of trans-polyparaphenylenebenZobisthiaZole and a 
dope of the oligomer of cis-polyparabiphenylenebenZo 
bisoxaZole Were obtained. The dopes of these oligomers and 
?nely microniZed terephthalic acid (0.65 kg) having a 
median diameter of 2.1 pm Were mixed in a reaction tank at 
150° C. for 1 hour and fed into a single screW extruder 
heated to 210° C. With a gear pump. The block copolymer 
of trans-polyparaphenylenebenZobisthiaZole and cis-polypa 
rabiphenylenebenZobisoxaZole in the obtained polymer 
dope had an intrinsic viscosity of 34 dl/g and a number 
average polymeriZation degree of 450. The BB-PBZ mono 
mer (terephthalic acid and 4,4‘-biphenyldicarboxylic acid) 
remained unreacted in the polymer in a proportion of 0.026 
Wt %. 

[0063] The above-mentioned steps Were repeated 4 times. 
The obtained dope (300 kg) Was spun in the same manner as 
in Example 1. The obtained ?ber (multi?lament) had a 
tensile strength of 27 g/d and a tensile modulus of 1012 g/d. 
The incidence of thread breakage during the spinning pro 
cess Was once/40000 m on average. 

COMPARATIVE EXAMPLE 3 

[0064] In the same manner as in Example 1 except that 
terephthalic acid having a median diameter of 6.0 pm Was 
used instead of ?nely microniZed terephthalic acid having a 
median diameter of 2 pm, a polymer dope Was obtained. The 
cis-polyparaphenylenebenZobisoxaZole in the obtained 
polymer dope had an intrinsic viscosity of 22 dl/g and a 
number average polymeriZation degree of 320. The BB-PBZ 
monomer (terephthalic acid) remained unreacted in the 
polymer in a proportion of 0.085 Wt %. 

[0065] The ?ber (multi?lament) obtained in the same 
manner as in Example 1 had a tensile strength of 32 g/d and 
a tensile modulus of 1010 g/d. The incidence of thread 
breakage during the spinning process Was once/10000 m on 
average. 

[0066] As is evident from the above explanation, because 
the residual content of the BB-PBZ monomer in polyben 
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ZaZole is not more than 0.010 Wt % according to the present 
invention, a polybenZaZole ?ber having a small ?lament 
denier can be produced stably at a high speed Without 
suffering from thread breakage during the production. 

[0067] This application is based on a patent application 
No. 346564/1999 ?led in Japan, the contents of Which are 
hereby incorporated by reference. 
What is claimed is: 

1. ApolybenZaZoleolybenZaZole having a residual content 
of a BB-PBZ monomer of not more than 0.010 Wt %, Which 
is obtained by dehydration polymeriZation condensation of 
an AA-PBZ monomer of the formula (I) 

(I) 

HX XH 

Wherein Ar is a quadrivalent aromatic organic residue and 
X is O, S or NH, and a BB-PBZ monomer of the formula 

(II) 
W-Z-W (II) 

Wherein Z is an optionally substituted divalent aromatic 
organic residue and W is a carboxyl group or a group 
derived from the carboxyl group, Which is reactive With 
—XH in the AA-PBZ monomer. 

2. The polybenZaZole of claim 1, Wherein the AA-PBZ 
monomer is 4,6-diaminoresorcinol. 

3. The polybenZaZole of claim 1, Wherein the BB-PBZ 
monomer is terephthalic acid. 

4. The polybenZaZole of claim 1, Which is polyparaphe 
nylenebenZobisoxaZole. 

5. The polybenZaZole of claim 1, Wherein the residual 
content of the BB-PBZ monomer is not more than 0.005 Wt 
%. 

6. The polybenZaZole of claim 1, Which has a number 
average polymeriZation degree of not less than 30. 

7. The polybenZaZole of claim 1, Which has a number 
average polymeriZation degree of not less than 200. 

8. A ?ber obtained by forming the polybenZaZole of any 
of claim 1 to claim 7. 

9. The ?ber of claim 8, Which has a tensile strength of not 
less than 35 g/d. 


