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Scheme 1 The synthesis route of the copolyamides
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Table 1  Physical properties and solubility of the copolyamides
) Solubility®
Copolymer N dL/g Color
NMP NMP/LiCI* DMAc DMAc/LiCl* Conc. H, S0,

P-101080 2.59" Yellow — +- — - ¥
P-103060 4.31 Yellow +- + +- + +
P-202060 2.75 Yellow +- + +- + +
P-206020 2.95 White + + +=- + "
P-301060 3.94 Yellow +- + +- + +
P-402040 2.17 Yellow +— + +— + +
P-404020 1.74 White + + +- + +

* Determined at a concentration of 0.5 g/dL in NMP

1 wt% LiCl at 25°C " Determined at a concentration of 0.5 g/dL in conc. H,SO, at 25°C

¢ Tested with 0.02 g of polymers in 1 mL solvent ~ + soluble at room temperature ~ +— partially soluble - insoluble ¢ Solvent containing 1 wt%
LiCl
FTIR 'H-NMR
|
3300 cm ™! N—H P-103060
1653 cm™' P-202060
1516 CHfl _CONH —N_ P-206020
H— —C—N— 01020 "‘\,\/VW
1250 em™! 1110 em™'
N—N
2 P-404020 | | |
"H-NMR N— 3000 2000 1000 800
Wavenumber (cm™!)
H 10.32 ~ 10.62
C—H 7.12 ~ 8.46 8.46 Fig. 1 FTIR spectra of copolyamides
¢ WAXD 3 20
3 N—H C¢"— -
. 20 ~22°
H C—H C —H =5.08:1:38.79



r 291 ~351C 10%

g

1 87
Tw. 509 ~ 528C
BAPOB  DHPZ-DA
DTG
! I I I I I
10.6 9.8 9.0 8.2 7.4 6.6
S
Fig. 2 'H-NMR spectrum of P-404020 BAPOB  DHPZ-DA
PPTA Kevlar
Table 2 Thermal properties of the copolyamides
Copolymer T, C Ts C Ty C  Tpy C* C % °
P-101080 —d 504 528 572 55
2 P-103060 351 504 521 552 56
G P-103060
5 P-202060 340 496 514 557 562°¢ 53
E P-206020 314 486 509 518 52
=
§ P-301060 P-301060 328 499 516 563 57
e P-402040 303 499 518 529 573¢ 55
P-206020 P-404020 291 491 509 519 57
P-404020 * Temperature for the maximum speed of weight loss in N,  heating rate of
1 1 Il Il 1
10 20 30 40 50 60 70 20 K/min ” Char yield calculated as the percentage of solid residue after
20() heating from 200 to 800°C in N, © Two peaks in the DTG curves ¢ Not
detected
Fig. 3 X-ray diffraction patterns of copolyamides
7
5
1 100%
DHPZ NMP/ 10 g/L LiCl NMP/ 10 g/ LiCl ~ DMAc/ 10 g/L LiCl
DMAc/ 10 g/L LiCl
NMP  DMAc DHPZ Kevlar
DHPZ
BAPOB  DHPZ-DA 4.
Table 3  Critical concentration values of the copolyamides
¢t wt%
Copolyme: NMP/ DMAc¢/
POV Cone. Hy80, NMP i
10 ¢/L LiCl 10 ¢/L LiCl
P-101080 22 ND* ND —
P-103060 21 5 ND 5
P-202060 22 5 ND
P-206020 —b 13 12 12
P-301060 23 6 ND
6 P-402040 28 8 7 6
DSC TGA P-404020 — 16 14 13
2 * Not determined for the limited solubility ® Lyotropic phase was not

available under the test condition.
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Fig. 4  Optical micrographs of copolyamide solutions
a P-103060 at 9 wt% in NMP/ 10 g/L LiCl solution b P-404020 at 16 wt% in NMP solution
¢’ 3
¢
c*
REFERENCES

1 Cassidy P E.Thermally Stable Polymers Synthesis and Properties. Marcel Dekker New York 1980.138 ~ 151
2 Yang H H. Aromatic High-Strength Fibers. Wiley New York 1989.75 ~ 92
3 Yang H H.Kevlar Aramid Fibers. Wiley New York 1992.14 ~ 35
4 Jian Xigao Chen Ping Liao Gongxiong Zhu Xiuling Zhang Shouhai Wang Jinyan . Acta

Polymerica Sinica 2003 4 469 ~ 475
5 Liu Cheng Liu Pengtao Wang Mingjing Liang Qizhen Wang Guoging Jian Xigao . Acta

Polymerica Sinica 2005 4 574~578
6 Zhu Xiuling Jian Xigao Wang Ruiling Liu Cheng Zhang Yuanhong . Acta Polymerica Sinica

2002 1 83~87

7  Flory P J. Advances in Polymer Science Liquid Crystal Polymers 1. Berlin Springer-Verlag 1984.26 ~ 38
8  Jian X G Cheng L.J Polym Sci Part A Polym Chem 1999 37 1565 ~ 1566
9  Liou G S Hsiao S H.J Polym Sci Part A Polym Chem 2003 41 94 ~ 102
10 Tamami B Yeganeh H. Europ Polym J 2002 38 933 ~ 940



1 89

PREPARATION AND CHARACTERIZATION OF LYOTROPIC LIQUID CRYSTALLINE
AROMATIC COPOLYAMIDES CONTAINING PHTHALAZINONE MOIETIES

LIU Pengtao WANG Jinyan LIU Cheng JIAN Xigao

Department of Polymer Science & Materials  Dalian University of Technology —Liaoning Research Center of High- Performance
Resin Engineering and Technology —Dalian 116012

Abstract A series of aromatic copolyamides were prepared from 1 2-dihydro-2- 4-aminophenyl -4- 4- 4-
aminophenoxyl phenyl phthalazin-1-one DHPZ-DA  p-phenylenediamine PPD 1 4-bis 4-aminophenoxy
benzene BAPOB and terephthaloyl dichloride by low temperature solution polycondensation. The polymers had
relatively high inherent viscosities ranging from 1.74 dL/g to 4.31 dL/g. The polymers exhibit improved solubility in
polar aprotic solvents with or without the addition of LiCl because of the introduction of twisted non-coplanar
phthalazinone moieties and flexible ether linkages. The polymers had high thermal stability. Their glass transition
temperature T, values were in the range of 291 ~ 351°C  and the 5% and 10% weight loss temperatures in
nitrogen were in the range of 486 ~ 504°C and 509 ~ 528°C respectively. WAXD measurements indicated that these
copolyamides were amorphous. Most of the polymers exhibited lyotropic liquid crystalline characteristics in conc.
H,SO, NMP/ 10 g/L. LiCl and DMAc/ 10 g/L. LiCl solutions. The polyamides with excellent properties made it
possible for the different processing and applications such as dry-wet spinning of fibers or the preparation of films

membranes and coatings .
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