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ABSTRACT

Two types of the regular copolymer of poly (1, 4phenyleneterephthalamide) were synthesized by
the low temperature solution polycondensation in NMP-CaCl, solvent system . using the piperazine
or 2.,5dimethylpiperazine as the third components introduced in the main chain of poly (1.4-
phenyleneterephthalamide ). The properties of copolymers were characterized by IR. SEM, X-RAY
diffraction » polarizing microscopy » TGA and solubilities .

Experimental resuits showed that the copolymers had good solubility and thermal stability . the
concentrated sulfuric acid (~ 98%) solution of regular PPTA copolymers had liquid crystalline proper -
ties .

INTRODUCTION

Aromatic polyamide, poly (1 .4-phenyleneterephthalamide) (PPTA )has highly
extended chain conformations, therefore exhibits high thermal stability and poor
solubility . PPTA can form anisotropic liquid crystalline solutions'? . Fibers with
high tenacity and high modulus can be obtained by spinning this kind of polymer
solution'” . However, their behavior under compression is poor'¥ .

Polypiperazinamides were prepared by interfacial and  solution
polycondensation'*~¥. Anisotropic membranes were prepared from poly (trans—2,5—
dimethylpiperazin — thiofurazanamide) .

This paper describes the using of piperazine or 2 ,5-dimethylpiperazine as the
third components which have been introduced in the main chain of poly (1., 4-
phenyleneterephthalamide ) with regular position for improving the solubility and
flexibility of PPTA.

EXPERIMENTAL
1. Materials

The following two monomers were used without further purification;
Piperazine ( Aldrich ) and 2, 5-dimethylpiperazine (Aldrich ). While the monomer
1, 4- phenylenediamine ; which was obtained commercially, was purified by vacuum
distillation to white solids (melting point 140 — 141 T ). Terephthaloyl chloride
was prepared by refluxing the mixture of terephthalic acid, thionyl chloride, and
a small amount of dimethylformamide. The white terephthaloyl chloride with a
melting point 83 — 84 C were obtained by twice vacuum distillation . CaCl, was
dried at 350 T for 3hrs. N-methylpyrrolidone (NMP) was stored over type 4A
molecular sieves and vacuum distilled over sodium hydroxide pellets .
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2. Synthesis

2-1 Regular copolymer of poly (1, 4phenyleneterephthalamide) with
piperazine (two steps method)

Piperazine powder 0.83g (0.0096 mol) was dissolved in a solution mix-
ture of 80mi of NMP-CaCl, (CaCl, 5.5wt .% ) in a 200ml reaction kettle
equipped with a stirrer and a N, inlet tube . The mixture was cooled to about
0 — 5T with a water bath and then powdered terephthaloyl chloride of
0.97g (0.0048 mol) was added with stirring. After half an hour,
1 ,4-phenylenediamine powder of 2.94g (0.0272mo1 )was added . When the
1 4-phenylenediamine all dissolved , and then powdered terephthaloyl chloride
6.5g (0.032 mol )was added with strong rapid stirring . and continued for
about half hour . The reaction was allowed to stand overnight and worked up
by agitating the contents with water in a blender to remove the solvent . the
polymer was collected by filtration . This washing procedure was repeated several
times . The collected polymer was dried to constant weight and the yield is nearly
theoretical .

2.2 Regular copolymer of poly (1, 4-phenyleneterephthalamide ) with 2.5
dimethylpiperazine (two steps method )

The synthesis procedure is the same as 2.1

3. Characterization of the polymers

The thermal properties were measured under a nitrogen atmosphere on the Du
Pont Model 1090 Thermal Analyzer coupled to the TGA module with a heating
rate of 20 C /min. Optical textures of the samples were studied by using a micro-
scope with a pair of crossed polarizers. Wide angle X-ray diffraction patterns were
taken on a Rigaku X-ray Diffractometer ( made in Japan), CuKaradiation,
40KV, 30mA . Fourier transform infrared spectra were taken from a KBr pellets
via a Bruker IF 113V FTIR Spectrometer. SEM photographs of the samples
were obtained on a Hitachi Model S-530 Scanning Electron Microscope .

4. Determination of inherent viscosity -

The inherent viscosity [ 7;,,=2.303 log (., /C)] was determined at 30T on
solutions containing 0.5 g of polymer per 100 ml of conc. sulfuric acid (~ 98% )
with Ubbelodhe Viscometer .

RESULTS AND DISCUSSION

1. Polycondensation of regular copolymers of poly (1 ,4-phenyleneterephthalamide )

The two steps polycondensation reaction for preparing the regular copolymers
of poly (1.4 - phenyleneterephthalamide ) were according to the following reaction
scheme :
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Two types of the regular copolymer of poly (1, 4-phenyleneterephthalamide)
were synthesized by low temperature solution polycondensation in NMP-CaCl,
solvent system . Piperazine or 2 ,5-dimethylpiperazine used as the third components.
were introduced in the main chain of poly (1 .4-phenyleneterephthalamide ) with
regular position .

Effect of the percentage of third components on the inherent viscosity of the
regular copolymers of poly (1 ,4-phenyleneterephthalamide) is shown in Fig.1.
The curve 1 is PPTA-2, 5-dimethylpiperazine copolymer in regular (PM), the
curve 2 is PPTA-piperazine copolymer in regular (P), the curve 3 is PPTA-
2 ,5-dimethylpiperazine copolymer in random ( PMN), the curve 4 s
PPTA-piperazine copolymer in random (PN). Experimental results show that the
inherent viscosity of copolymers decreased with increasing of the mol % content of
third components. The inherent viscosity of regular copolymers were higher than
that of random copolymers. However, the inherent viscosity of PPTA-
2,5-dimethylpiperazine system were higher than that of PPTA-piperazine system.
whichever the copolymers are of regular or random .

2. IR spectrum of PPT A-piperazine copolymer

IR spectrum of PPTA-piperazine copolymer is shown in Fig.2. The spectrum
of PPTA-piperazine copolymer shows the N— H stretching vibration at 3300 cm™;
and three characteristic absorptions attributable to amide I, 11, III bands of PPTA



Vol.9 No.1 COPOLYMERS OF POLY (1, 4 PHENYLENETEREPHTHALAMIDE ) 51

at 1650cm ™! ( C=0 stretching), 1545cm™'( CNH), and 1250cm™!'( CNH),
respectively . The H-CH stretching vibration at 2850 — 2930 cm ™! is distinctive for
the cyclic methylene groups in the polymers that indicates the presence of
piperazine groups in the copolymer .
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Fig .1 Effect of the content of third component on  Fig.2 IR spectrum of PPTA-piperazine copolymer
fianh of PPTA copolymers

3. Thermo-gravimetric analysis (TGA) of copolymers .

The results of TGA for the 30 mol % third components are shown in Table 1.
Experimental results show that the thermostability of PPTA-regular copolymers are
better than that of the random copolymers.

The thermostability of PPTA-piperazine systtm or PPTA- 2,5- dimethyl-
piperazine system all decreased with increasing mol percentage content of third
components in copolymers.

When the weight loss is the level of 10% , the thermostability of most
copolymers except for PM-PPTA are keeping to above 300 T , even though
30mol% of the third components are introduced in the PPTA main chain.

Table 1 Thermal stability of copolymers

Thermal stability (T )
L‘:Sf/o Regular Copolymer Random Copolymer
P-PPTA PM-PPTA P—-PPTA PM-PPTA
10% 360 320 330 250
20% 440 370 410 280
30% 520 420 500 410
50% 590 570 570 570

4. Liquid crystalline property of copolymers

Typical mat-like optical texture of nematic state!” was observed on
cross-polarizing microscope for both shearing-oriented film, which was prepared
from the sulfuric acid (~ 98% ) solution of copolymers (12% by weight). Fig.3
(A) is the PPTA copolymer which contains 30 mol % piperazine . Fig.3(B) is
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the PPTA copolymer which contains 20 mol % 2 ,5-dimethylpiperazine. When the
conc. sulfuric acid solution of copolymer which contains 30mol% 2,5
dimethylpiperazine ( 12% by weight) was tested under cross-polarizing micro -
scope » no liquid crystalline feature was observed .

Experimental results show that the liquid crystalline properties of
PPTA-piperazine system copolymers are much .better than that of the
PPTA-dimethylpiperazine system .

(A)

Fig .3 Polarizing micrograph of copolymers
(A) PPTA-30 mol % piperazine copolymer  (B) PPTA20 mol % 2 .5-dimethylpiperazine copolymer

5. Solubility of copolymers

The results obtained for solubility of two kinds of copolymers are given in
Table 2, showing that the solubility of PPTA copolymers are better than pure

Table 2 Solubility of copolymers

Polymer Solvents

H2504 HOO ;H NMP -Ca(0; DMAC-HMPA DMSO
P 5% ++ +- +A+ + - +-
P 10% ++ + - +A+ + - + -
P 20% ++ ++- ++ + - + -
P 30% ++ ++ - ++ + - + -
PM 5% ++ + - ++ - +-- + -
PM 10% ++ + - ++ - +-- + -
PM 20% 4+ + = ++ - +-- + -
PM 30% ++ ++ - ++ - + - + -
PN 30% ++ +-- ~— +—-- + -
PMN 30% ++ +-- -- +-- + -
PPTA ++ -- -- - - --

Notes: ++ soluble + + — little insoluble + — little soluble + —— swell +A+ heated soluble
- — insoluble

P =PPTA- piperazine copolymer in regular

PM=PPTA-2.5—-dimethylpiperazine copolymer in regular

PMN=PPTA-2 .5~ dimethylpiperazine copolymer in random

PN=PPTA- piperazine copolymer in random
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PPTA, and the solubility of PPTA regular copolymers are better than that of the
PPTA random copolymers. The solubility order in these copolymers is as fol-
lows :

PPTA regular copolymer > PPTA random copolymer >PPTA

6. X-Ray diffraction of copolymers

The intensity curves of the wide-angle X-Ray diffraction of two system PPTA
powdered copolymers are given in Fig.4 and 5. In Fig.4, the curve 1 and curve §
are the PPTA-copolymer which contains 30 mol% piperazine, curve 1 is the
PPTA-piperazine random copolymer and curve 5 is the PPTA-piperazine regular
copolymer. The curves 2,3, 4 of Fig. 4 are the PPTA-piperazine regular
copolymers which contains 5 % , 10% , 20% mol piperazine respectively. In Fig.5
the curves 2, 3, 4, and 5 are the PPTA-2.5-dimethylpiperazine regular
copolymers which contain 5% , 10, 20% and 30mol% 2, 5-dimethylpiperazine
respectively. The results of Fig.4 and Fig. 5 show that the two systems
PPTA-copolymer all reveal five peaks at 20 being nearly 17 % 20 °, 23 ° 25 °
and 27 °. The two peaks at 26 near 20 ° and 23 °, are the typical PPTA peaks
which depend on the quantity of the third component introduced into the
PPTA main chain, the intensity of two peaks decrease with increasing the mol
percentage content of third components. In Fig.5 curve 4 and curve 5 showed
that the peak of 20 near 20 ° is almost disappeared , when the mol percentage of
2,5 dimethylpiperazine over 20% . Experimental results also show that the
crystallinity of regular copolymer is better than the crystallinity of random
copolymer.

A
30 15 25 30

15 20 25
20/deg) 20 /deg

Fig .4 The intensity curves of wide-angle Xray diffraction Fig.5 The intensity curves of wide-angle X-ray

of PPTA-piperazine copolymers diffraction of PPTA:2 ,5-dimethylpiperazine
(1)30% PN (2)5% P (3) 10% P (4) 20% P _ copolymers
(5) 30% P (1) 30% PMN (2) 5% PM (3) 10% PM

(4) 20% PM (5) 30% PM
7. Morphology of copolymers

The scanning electron micrographs ( SEM) of two system PPTA powdered
copolymers are given in Fig.6 and 7. Fig.6 shows the SEM of PPTA-piperazine
copolymers system. The results of Fig. 6 and 7 showed that the apparent
micrographs of regular copolymers Fig.6 (b) and Fig.7(b) are looser than ran-
dom copolymers Fig.6(a) and Fig.7(a), therefore the solublity of the PPTA
regular copolymers are better than the PPTA random copolymers .



54 CHINESE JOURNAL OF POLYMER SCIENCE 1991

(a) . (b)
Fig .6 The Scanning Electron Micrographs of PPTA-piperazine copolymers
(a) 30% PN; (b) 30% P

a) (b)
Fig .7 The Scanning Electron Micrographs of PPTA:2 .5-dimethylpiperazine copolymers
(a) 30% PMN; (b) 30% PM

Kewords :
Poly (1, 4- phenyleneterephthalamide ) ; Aromatic copolyamide ; Piperazine ;
2.,5-Dimethylpiperazine liquid crystalline polymer
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