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ABSTRACT: A novel aromatic homopolyamide with ben-
zobisoxazole units in the main chain was synthesized with
2,6-bis(p-aminophenyl)benzo[1,2-d;5,4-d0]bisoxazole and ter-
ephthaloyl chloride by low temperature solution polyconden-
sation, the inherent viscosity of which was 1.98 dL/g. The
diamine and p-phenylendiamine with terephthaloyl chloride
were used to synthesize the copolyamides. The structures of
homopolyamide and copolyamides were characterized by IR
spectra, elemental analysis, and wide-angle X-ray diffraction.
Wide-angle X-ray diffraction measurements showed that
homopolyamide and copolyamides were predominantly crys-
tallinity. The results of thermal analysis indicated that the
thermal stabilities of the copolymer increased with an increase
of the molar fraction of benzobisoxazole in the copolymers.
The thermal stability of the copolyamides with decomposition

temperatures (at 10% weight loss) above 5708C was better
than that of poly(p-phenylene terephthalamide) (PPTA).
Fibers of homopolyamide and copolyterephthalamides were
spun from lyotropic liquid crystal dope in 100% H2SO4.
When compared with PPTA fibers prepared under the same
conditions, the tensile strengths of copolyamides fibers
improved by 20–33% with tensile strengths of 1.81 GPa, ten-
sile moduli of 76 GPa, and elongations at break of 3.8–4.1%,
which indicated that copolyamides fibers had outstanding
mechanical properties. VVC 2008 Wiley Periodicals, Inc. J Appl Polym
Sci 110: 1891–1898, 2008
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INTRODUCTION

Poly(p-phenylene terephthalamide) (PPTA) with
excellent mechanical properties and high thermal
properties can be used in many industrial applica-
tions such as aerospace materials, high strength and
modulus fibers, protective coatings or as separation
membranes.1 Fibers obtained from anisotropic solu-
tion of PPTA have been used in applications for
which high thermal stability and mechanical
strength are required.2 At present, many efforts have
been made with the aim of designing the chemical
structure to obtain aramids that are processable by
conventional techniques. One successful approach is
to introduce flexible linkages into polymer backbone
to increase the solubility.3 These modifications sup-
press the melting temperature and lead to soluble

and amorphous polymers. Furthermore, the incorpo-
ration of bulky pendent groups can decrease hydro-
gen bonding and interchain interactions in
polyamides and generally disturb the coplanarity of
aromatic units to reduce packing density and crys-
tallinity.4 Now there is a problem that these poly-
mers could not be used as materials of fiber.
In Goto et al.5 work, poly(4,40-diphenyl ether ter-

ephthalamide) was selected as a flexible segment for
block copolymers of PPTA, the tensile strength of
fiber was 130–500 MPa. For PPTA, many attempts
have been made at crosslinking by using substituted
terephthalic acids or p-phenylenediamines.6,7 No
fibers of such polymers have been described; they
could not be processed from sulfuric acid solutions
due to the instability of the substituents towards this
solvent. Rickert et al. used a new diamine, 2,2,6,6-tet-
raoxo-1,3,5,7-tetrahydro-2,6-dithia-s-indacene-4,8-dia-
mine to copolymerize with p-phenylenediamine and
terephthaloyl dichloride for the synthesis of ther-
mally crosslinkable rigid-rod aramids.8,9 The fibers
were comparable to PPTA fibers with respect to
their mechanical behavior. The introduction of urea
moieties in the main polyamide chain is a method to
modify mechanical properties of the polymers.10,11
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Poly(benzo[1,2-d; 5,4-d0]bisoxazole-2,6-diyl-1,4-ph-
enylene) (cis-PBO) with unique extended rigid-rodlike
configuration show excellent thermooxidative stabil-
ity, higher tensile properties, and higher hydrolytic
stability.12,13 Because the incorporation of hetero-
cycles such as oxadiazole or benzoxazole in the
main chain of polymers usually results in copoly-
mers with high thermal and oxidative stabilities and
also inflences solubility of polymer.14–17 These
authors claimed that polymers with benzoxazole
units, and particularly poly(amide-benzoxazole)s,18,19

seem to offer an interesting approach to special
polymer materials. The mechanical performance of
PPTA fiber is inferior to that of PBO, but the
improvement on this aspect is seldom. In this paper,
the structure unit of cis-PBO was added to the main
chain of PPTA to enhance the thermal stability and
mechanical property of PPTA fiber, without impart-
ing solubility of PPTA.

EXPERIMENTAL

Materials

1,3-Diamino-4,6-dihydroxybenzene dihydrochloride,
p-aminobenzoic acid, p-phenylendiamine, triethyl-
amine, terephthaloyl dichloride, anhydrous lithium
chloride, and N-methyl-2-pyrrolidone (NMP) were
analytical grade. NMP was purified by distillation
under reduced pressure prior to use. Triethylamine
was used after distillation in the presence of sodium.
P-phenylendiamine and terephthaloyl dichloride
were purified by sublimation under reduced pres-
sure prior to use. 2,6-Bis(p-aminophenyl)benzo[1,2-
d;5,4-d0]bisoxazole was synthesized in my laboratory
by a modified method.20

Synthesis of 2,6-bis(p-aminophenyl)benzo
[1,2-d;5,4-d0]bisoxazole

Under a nitrogen atmosphere, 17.85 g P2O5 were dis-
solved in 10.26 g H3PO4 and maintained at 1508C for
4 h to form polyphosphoric acid (PPA). After cool-
ing to 1208C, 5 mmol of 1,3-diamino-4,6-dihydroxy-
benzene dihydrochloride was added, and then
10 mmol of p-aminobenzoic acid were added. The
reaction mixture was maintained at 150–2108C for

about 10 h and then at 2108C for 4 h. After that, the
mixture was poured into ice water, and the diamine
obtained was washed with water, neutralized with
sodium bicarbonate, and washed with water for sev-
eral times. The isolated compound was a yellow
powders, it was dried under vacuum for 6 h at
1008C (see Scheme 1).
Yield: 99% (1.695 g). mp: 414–4158C (DSC). FTIR

(KBr, cm�1): 3316 (NAH str.), 1622 (C¼¼N of oxazole
unit), 1282 and 1055 cm�1 (CAOAC str.). Elem.
Anal. Calcd for C20H14N4O2 (324.36): C, 70.16%; H,
4.13%; N, 16.36%. Found: C, 70.01%; H, 4.12%; N,
16.20%.

Synthesis of model compound

A flask equipped with dropping funnel was filled
with a solution of 2,6-bis(p-aminophenyl)benzo[1,2-
d;5,4-d0]bisoxazole (0.342 g, 1.0 mmol) and anhy-
drous lithium chloride (2 g) in 25 mL of NMP. Trie-
thylamine (0.203 g, 2.0 mmol) was added in the
solution. Benzoyl chloride (0.295 g, 2.1 mmol)
diluted with NMP (10 mL) was added dropwise to
the stirred solution at 08C under nitrogen. The mix-
ture was stirred at ambient temperature for 5 h in a
stream of N2. Then, it was poured into water to
obtain yellow solid by filtered off. The yellow solid
was extracted by acetone and dried to afford model
compound.
Yield: 98% (0.539 g). mp: 446–4528C (DSC). FTIR

(KBr, cm�1): 3336 (NAH str.), 1652 (C¼¼O), 1600
(C¼¼N and aromatic), 1259 and 1054 cm�1 (CAOAC
str.). Elem. Anal. Calcd for C34H22N4O4 (550.57): C,
74.17%; H, 4.03%; N, 10.18%. Found: C, 73.89%; H,
4.34%; N, 10.33%.

Homopolymer synthesis

A flask equipped with a dropping funnel was
charged with a solution of 2,6-bis(p-aminophenyl)-
benzo[1,2-d;5,4-d0]bisoxazole (0.342 g, 1.0 mmol) and
anhydrous lithium chloride (2 g) in 25 mL of NMP.
Triethylamine (0.203 g, 2.0 mmol) was added to
the solution. Terephthaloyl dichloride (0.223 g,
1.1 mmol) dissolved in NMP (10 mL) was added
dropwise to the stirred solution at 08C under N2.
The mixture was subsequently stirred at ambient
temperature for 30 min in a stream of N2 and then
stayed for 0.5 h. After reaction mixture was stirred
rapidly, it was poured into ice water, and the yellow
solid precipitate was filtered off, washed with water,
and dried in a vacuum at 1008C, then extracted by
acetone to afford the polymer.
Yield: 96% (0.453 g). FTIR (KBr, cm�1): 3426 (NAH

str.), 1652 (C¼¼O), 1600 (C¼¼N and aromatic), 1314
(NAH def.), 1314 (CAN str.), 1243, 1052 cm�1

(¼¼CAOAC str.). Elem. Anal. Calcd for C28H16N4O4

Scheme 1 Synthesis of 2,6-bis(p-aminophenyl)benzo[1,2-
d;5,4-d0]bisoxazole.
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(472.46) C, 71.18%; H, 3.41%; N, 11.85%. Found: C,
69.51%; H, 3.66%; N, 10.93%.

Copolymer synthesis

As an example, the polymerization procedure of Co-
polymer 10 (contains 10 mol % of 2,6-bis(p-amino-
phenyl)benzo[1,2-d;5,4-d0]bisoxazole and 90 mol % of
p-phenylenediamine) is described as follow.

A flask was filled with a solution of 2,6-bis(p-
aminophenyl)benzo[1,2-d;5,4-d0]bisoxazole (0.0342 g,
0.1 mmol) and anhydrous lithium chloride (2 g) in
25 mL of NMP. Triethylamine (0.203 g, 2.0 mmol)
was added to the solution. Terephthaloyl dichloride
(0.0162 g, 0.08 mmol) was added to the stirred solution
at 08C under N2. The mixture was vigorously stirred
for 30 min. Then, p-phenylendiamine (0.972 g, 0.9
mmol) was added to the solution. After p-phenylendi-
amine was entirely soluble to the solution, terephtha-
loyl dichloride (0.186 g, 0.92 mmol) was added to the
stirred solution. The mixture was subsequently stirred
at ambient temperature for 30 min in a stream of N2.
Then, the mixture was stayed for 0.5 h. After reaction
mixture was stirred rapidly for 5 min, it was poured
into ice water, and the yellow solid precipitate was fil-
tered off, washed with water, and dried in a vacuum
at 1008C to afford the block copolymer (0.443 g, yield
96%). The molar ratio of the diamines and the inherent
viscosities of the copolymers were presented in Table I.

Preparation of copolymer fiber

The copolymer powder was soluble into 100%
H2SO4 to form an anisotropic reaction mixture at
20% solids content. The copolymer/H2SO4 dope was
dry-jet wet spun using a piston-driven system spe-
cially designed for this purpose. For comparison,
pristine PPTA polymerization and fiber spinning
were carried out under the same conditions without
adding 2,6-bis(p-aminophenyl)benzo[1,2-d;5,4-d0]bis-
oxazole. High-strength fibers can be produced by
the spinning of liquid-crystalline solutions of copo-
lyamides, homopolyamide, and PPTA in sulfuric
acid. Solutions of 20% (weight ratio) polymer con-
tent in 100% H2SO4 were readily spun into fibers.
The dopes at 808C were spun into a coagulation

bath by a dry-jet wet-spinning process with a gas
gap of 39 cm. The composition of the coagulation
bath was water and draw ratio was 18.

Measurements

FTIR spectra were recorded on a Nicolet-Nexus 670
Fourier transform (FTIR) spectrophotometer. Inherent
viscosity of the polymer was measured at a concen-
tration of 0.5 g/dL in concentrated sulfuric acid at
258C with a Ubbelohde viscometer. DSC and TG
were performed at a heating rate of 108C/min under
flowing air with NETZSCH STA 449C thermal ana-
lyzer. The experiments were carried out using 10 mg
samples. 1H NMR spectra were obtained at 258C in
CF3COOD solution with tetramethylsilane as an inter-
nal standard with a Bruker-AV 400 spectrometer. Ele-
mental analysis was achieved on an Eager-300
elemental analyzer. Moreover, WAXD pattern was
obtained for the powder specimen on a D/max-cB X-
ray diffractometer using CuKa radiation (40 kV, k ¼
0.1546 nm). The scanning rate was 0.028/min over a
range of 2y ¼ 10–408. The liquid crystalline behavior
of all polymer solution was studied by POM (POM3-
X). And tensile tests were conducted by a staple fiber
tensile tester (Lenzing VibrodynYG020C) with a
gauge length of 2 cm and a strain rate of 2% min�1.

RESULTS AND DISCUSSION

Single crystal analysis of 2,6-bis(p-
aminophenyl)benzo[1,2-d;5,4-d0]bisoxazole

The single crystal of the diamine was grown during
the slow crystallizaton of its NMP solution. Crystal

TABLE I
Thermal and Tensile Properties of Copolymers

Polymer

Content of
benbisoxazole

(mol %)
ginh

(dL/g)
Td

(8C)
Weight loss
at 7008C (%)

Tensile strength
(GPa)

Elongation
(%)

Modulus
(GPa)

a 0 4.21 557 47 1.39 4.1 57
b 10 4.22 570 52.8 1.81 3.9 76
c 20 4.03 572 59.5 1.45 3.7 62
d 40 2.62 580 65 1.25 4.0 55
e 100 1.98 595 67 1.10 3.9 28.3

Figure 1 ORTEP diagram of 2,6-bis(p-aminophenyl)-
benzo[1,2-d;5,4-d0]bisoxazole determined by X-ray crystal-
lography. All hydrogens have been omitted for clarity.
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size of 0.65 mm � 0.38 mm � 0.18 mm was used for
X-ray structure determination. Intensity data were
collected on a Rigaku RAXIS-RAPID diffractometer
at 293 K with graphite monochromatized Mo Ka
radiation (k ¼ 0.071073 nm). The structure was
solved on a P4 computer with SHELXS-97 software.
The molecular structure for the diamine was shown
in Figure 1. The diamine crystallized in a triclinic
system with space group [P1[Mw ¼ 639.75, a ¼
0.75862(15), b ¼ 1.2525(3), c ¼ 1.7627(4) nm, a ¼
94.92(3), b ¼ 92.88(3), c ¼ 99.19(3) where Dc ¼ 1.293
g/cm3 for Z ¼ 2 and V ¼ 1.6438 (6) nm3]. Least-
squares refinement based on 7333 independent
reflections converged to final R1 ¼ 0.0635 and Rw ¼
0.1501.

The least-squares planes of the total molecule is
7.014x þ 2.846y � 0.957z ¼ 4.386, and Rms deviation
of fitted atoms is 0.00833 nm. The crystal structure
of the diamine shows that the compound of plane
structure has two kinds of intermolecular hydrogen
bonds between the compound and NMP in the crys-
tal. The ring of the monomer does not deviate signif-
icantly from the planar conformation. This will not
disturb the coplanarity of aromatic unit to impart
the solubility of formed copolyamides.21

Model reaction

To obtain fundamental information about the struc-
ture of polymer, the model compound was synthesi-
zed (Scheme 2) from 2,6-bis(p-amino-phenyl)benzo
[1,2-d;5,4-d0]bisoxazole with benzoyl chloride and
characterized by FTIR, 1H NMR, and elemental anal-
ysis. In 1H NMR spectrum of model compound
(shown in Fig. 2), the resonance for the amino
hydrogen disappeared, while a new singlet peak
corresponding to amide protons of the model com-
pound appeared at 8.48 ppm. And eight types of
hydrogen atoms were well characterized in 1H NMR
spectrum.

Synthesis of the homopolymer and copolymers

Polyamide-benzoxazole was prepared by a low-tem-
perature solution polycondensation technique22 in
NMP from the diamine and terephthaloyl chloride

(Scheme 3), with LiCl as a solubility enhancer.23,24

Triethylamine was used to acid absorbancer to
delete the by-product to develop molecular weight.25

The inherent viscosity of the homopolymer was
1.98 dL/g.
In view of concentration of 2,6-bis(p-aminophe-

nyl)benzo[1,2-d;4,5-d0]bisoxazole have an effect on
molecular weight of copolyamides (see Scheme 4),
the increase of the monomer concentration can sup-
press high molecular weight of products.26 So all the
polymerizations of copolyamides was conducted in
lower 2,6-bis(p-aminophenyl)benzo[1,2-d;4,5-d0]bis-
oxazole content. Inherent viscosities of the copolya-
mides were in the range of 2.62 and 4.22 dL/g in
98% H2SO4 at 258C, shown in Table I.

Scheme 2 Synthesis of model compound.

Figure 2 1H NMR spectrum of model compound in
CF3COOD.
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Table I shows results of the copolycondensation at
various monomer feed ratios of 2,6-bis(p-aminophe-
nyl)benzo[1,2-d;4,5-d0]bisoxazole for p-phenylendi-
amine. The inherent viscosities of copolymer
obtained were increased with increasing p-phenyl-
endiamine. Although the maximum gnh was
observed at a monomer feed ratio of 10:90 of 2,6-
bis(p-aminophenyl)benzo[1,2-d;4,5-d0]bisoxazole:p-ph-
enylendiamine. Low inherent viscosity of copolymer
containing high ratios of benzobisoxazole was con-
sidered due to solubility of the copolymer in solu-
tion being poor and copolycondensation being
hindered by the gel state of reactive mixture.5 To de-
velop molecular weight, reaction mixtures were
retained static station in the container for 30 min,
and then stirred rapidly. During the synthesis of
copolyamide, usual addition mode of diamine to
NMP solution was to add 2,6-bis(p-aminophenyl)-
benzo[1,2-d;4,5-d0]bisoxazole first, followed by one
part of terephthaloyl dichloride stirring the reaction
solution for 0.5 h, and then p-phenylendiamine was
added and the solution was stirred for 0.5 h under
nitrogen at ambient temperature. This mode of p-
phenylendiamine addition had little effect upon the
inherent viscosities and maintained structure of
PPTA unit.

Structure analysis of the homopolymer and
copolymers

Figure 3 showed the FTIR spectra of model diamide
and homopolyamide. The IR spectrum of model
compound was in agreement with that of the corre-
sponding polymer. The latter displayed characteris-
tic absorptions at 3416 (NAH str.), 1652 (C¼¼O), 1620
(C¼¼N and aromatic), 1541 (NAH deformation), and
1248, 1062 cm�1 (CAOAC). Figure 4 showed the 1H

NMR spectra of homopolyamide, where all the
peaks were readily assigned to the aromatic protons
of the repeating unit. In 1H NMR spectrum of model
compound and homopolyamide, the resonance for
the amino hydrogen disappeared. From analysis of
IR and 1H NMR spectra, the elemental analytic val-
ues of the polymers generally agreed well with cal-
culated values for the proposed structures.
The crystallinity of the polyamides was evaluated

by wide-angle X-ray diffraction experiments. The
typical WAXD patterns of copolyamides containing
benzobisoxazole groups, PPTA, and homopolyamide
are illustrated in Figure 5(a–e), respectively. In the
WAXD patterns of the copolymers containing benzo-
bisoxazole groups [Fig. 5(b–d)], the intensity of
reflection peaks from (110) and (200) crystal planes
decreased with increasing the 2,6-bis(p-amino-
phenyl)benzo[1,2-d;4,5-d0]bisoxazole content. The
characteristic phenomenon was accompanied by
incorporation of the benzobisoxazole units in the
crystalline phase. On the other hand, the typical
WAXD pattern of homopolyamide was shown in
Figure 5(e). It was observed that the homopolyamide
displayed three strong reflection peaks around 2y
¼ 16.5, 24.06, 26.66, indicating higher crystallinity.
Compared to PPTA [Fig. 5(a)], two strong reflection
peaks around 2y ¼ 24.06, 26.66 were undoubtedly
assigned to (110) and (200) crystal planes of polyam-
ide section.4 The copolymer 40 (contains 40 mol % of
2,6-bis(p-aminophenyl)benzo[1,2-d;5,4-d0]bisoxazole)
exhibited an amorphous nature even for polymer
derived from rigid 2,6-bis(p-aminophenyl)benzo
[1,2-d;4,5-d0]bisoxazole and a medium reflection
peaks around 2y ¼ 16.5 which corresponds to ben-
zobisoxazole section of copolyamide. These results
could be explained by the presence of the benzobi-
soxazole group instead of benzen ring inhibited

Scheme 4 Synthesis of copolymer.

Scheme 3 Synthesis of homopolyamide.
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close-packing of the polymer chains, leading to a
decrease in crystallinity.

The crystallity nature of the polyamides was also
reflected in their poor solubility. The aromatic copo-
lyamides showing crystalline patterns were insoluble
in polar solvents (such as NMP and DMAC),
because the fact that some of them were derived
from diamines with a rigid structure, which is in
agreement with the general rule that the solubility
decreases with increasing crystallinity.

Properties of the homopolymer and copolymers

The thermal stabilities of the copolymers were inves-
tigated with TGA in an air stream. Thermogravimet-
ric curves of the copolymers and corresponding
homopolymers were compared in Figure 6. In gen-
eral, all polyamides exhibited good thermal stability.
And the onset of decomposition occurred around
5008C in air. Their 10% weight loss temperatures
(Td) were 570–5958C in air, which are reasonable
values considering the heterocyclic content of these
polymers. Char yields of the copolyamides at 7008C
in air were in the range of 52.8–65%, with PPTA
having the lowest char yield of 47%, because of the
presence of less-rigid diamine moiety. The initial
decomposition temperature as well as the tempera-
ture at 10% weight loss depended on the copolymer
composition and shifted toward high temperature
with an increase of the heterocyclic content. The
thermal stability was improved dramatically when
the copolymer contains small benzobisoxazole units.
To analyze the liquid crystalline behavior, the solu-
tion of polymer was subjected to polarizing light mi-
croscopic analysis. The liquid crystalline behavior of
the copolymer was found in the solution of every
polymer in 100% H2SO4 at 808C.

Figure 4 1H NMR spectrum of homopolyamide in
CF3COOD.

Figure 3 IR spectra of the model compound and
homopolyamide.

Figure 5 WAXD patterns of PPTA (a), copolymers (b–d),
and homopolyamide (e).
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Structure and properties of the homopolymer and
copolymer fibers

The tensile properties of the as-spun fiber were
examined. Table I presented the average tensile
strength, elongation, and Young’s modulus for the
polymer fibers containing various concentration of
benzobisoxazole, along with thermal property data
for polyamides.

Tensile moduli and tensile strength values of
fibers from Copolymer 10 were about 33% higher
than that of corresponding PPTA fiber. But all were
of the same order of magnitude. The tensile moduli
and tensile strength values of Copolymer 10 fibers
were significantly higher than that of fibers from Co-
polymer 20 and Copolymer 40, even though molecu-
lar weights of all polymers were comparable.
Mechanical property of fibers decreased with
increase of content of comonomer 2,6-bis(p-amino-
phenyl)benzo[1,2-d;5,4-d0]bisoxazole. This may origi-
nate in comparable limit of crystallinity, degree of
orientation, and morphological order. We assumed

that the results in Table I were mainly caused by a
different degree of structural disturbance because of
the varying content of 2,6-bis(p-aminophenyl)benzo
[1,2-d;5,4-d0]bisoxazole. Break extension of copolymer
fibers was in general lower than corresponding
value for PPTA fiber, but in the same range for all
three copolymers.
We focused on the fibers of Copolymer 10 to study

the relation of structure and property of polymer
fiber. They had an average diameter of 40–45 lm
shown in Figure 7. The surface of the filament had
many fibrous strips parallel to the fiber axis, because
of coagulate process. Structure of the fiber was char-
acterized by X-ray diffraction (XRD) (D8 DISCOVER
GADDS of Bruker AXS). And diffraction peak was
calculated by multiple peaks separation program. Lat-
tice parameters a, b, c was calculated by using the
procedure of lattice parameters calculation. As a
result, lattice constant of fiber of Copolymer 10 was a
¼ 7.980 Å, b ¼ 5.084 Å, c ¼ 12.928 Å and lattice con-
stant of PPTA fiber was a ¼ 7.910 Å, b ¼ 5.202 Å, c ¼
12.901 Å, c ¼ 908. The lattice constants of PPTA fiber
were similar to the value of Kevlar.27 Compared to
PPTA fiber, the effect of the introduction of 2,6-bis(p-
aminophenyl)benzo[1,2-d;5,4-d0]bis oxazole on the
PPTA crystal structure could be described as a quan-
titative disturbance of the molecular and the super-
molecular structure and quantitative structural
changed. Intermolecular hydrogen bonding between
the O and N of benzobisoxazole ring and the NAH
groups of the amide unit lead to the formation of
hydrogen bonded sheets within the bc plane.28 There-
fore the number of hydrogen bonds increased and
thus the b-dimension was also shortened. Meanwhile,
the a-dimension was enlarged for steric reason.

CONCLUSIONS

A series of high molecular weight copolyamides
were prepared from 2,6-bis(p-aminophenyl)benzo

Figure 7 SEM micrographs of surface and fracture surface of the fiber from Copolymer 10.

Figure 6 TGA of PPTA (a), copolymers (b–d), and
homopolyamide (e).
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[1,2-d;5,4-d0]bisoxazole and p-phenylendiamine with
terephthaloyl dichloride in high yields. Copolya-
mides suffered less weight loss than PPTA, and
showed excellent thermal stability. In comparison
with PPTA, copolyamides showed similar crystallin-
ity and solubility. Compared with PPTA fibers pre-
pared under the same conditions, the tensile
strength of copolyamides fibers was improved.
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