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Fig. 1 Synthesis of PAA from (a) PMDA-ODA and (b) PMDA-ODA-BIA
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Fig. 2 FTIR spectrum of PAA1 (PMDA-ODA) fibers
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Fig. 4 LCP plot for the PAA ( PMDA-ODA )/DMAc/

water system

Table 1  LCP fitting results for cloud point data of PAA ( PMDA-
ODA)/DMAc/H, 0O system

. X Temperature o ) Linearly dependent
ST ANRCRE R B HY B DT BIA 2 ) o Fiting equation e
BI5I AR T RBE S I HEA T S 30 y=1.14078x — 1. 35012 R =0.99948
%LE@%%F%%%VE%E{JH{@ET@ 45 y =1.05029x - 0. 91269 R* =0. 99809
60 y =1.02523x - 0. 76534 R* =0.99975
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Fig. 3 FTIR spectra of (a) PI (PMDA-ODA-BIA) (wy, =
50% ) fibers and (b) PI (PMDA-ODA) fibers
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Fig. 5 Cloud point curves of the PAA ( PMDA-ODA)/
DMAc/water system at 30, 45 and 60 C
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Fig. 6 The SEM images of PAA fibers prepared at (a) high molar mass of polymer and (b) low molar mass of polymer; (1) cross-section

morphology, (2) surface morphology
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Table 2 Mechanical properties of PAA fibers at different molar mass

of polymers

Table 3 Calculated cloudpoints for different molar mass of polymers

x(DMAc) (% ) y(H,0) (%)

30 C Deviation (% )
n(PMDA):n(ODA)

Ax or Ay
Wepary  0.99:1 1.01:1  0.99:1 1.01:1
10%  70.7666 70.0900 19.2334 19.9099 0. 6765
30%  58.0740 57.3502 11.9260 12.6498 0.7238
50%  42.6612 42.0871 7.3388  7.9129 0.5741
70%  26.2242 25.8586 3.7758  4.1414 0. 3656
90% 9.0230  8.8976  0.9770  1.1024 0. 1254

x(DMAc) (%) y(H,0) (%)

45 C Deviation (% )
n(PMDA):n(ODA)

[n] Strength Initial modulus Elongation
(dL/g) (eN - dtex™ ") (eN - dtex ") (%)
2.94995 1. 50 45.09 37.15
1. 34955 1.34 35.44 24.06

WIZH I W = iR &R 4r A4 &8 LCP 7 2
TR 3 iR, ol LA B, 58K P 20 4 P 26 A0
22 R K B =TI R o0 AH A A 22 45 L3/, b
AR BOAE — 5 0 B N, R M 280 2507 A R AR O 5 T
A 22 HH TR A A8 . K — 5 i Ak LA 2R A ) A
B g 4t R — 0

Ax or Ay
wpany 0.99:1 1.01:1 0.99:1 1.01:1
10%  67.3222 67.0331 22.6778 22.9669 0.2891
30%  54.9669 54.6200 15.0331 15.38 0. 3469
50%  40.3284 40.0374 9.6716  9.9626 0.2910
70%  24.7891 24.594  5.2109  5.4060 0. 1951
90% 8. 5451 8. 4725 1. 4549 1.5247 0. 0698
x(DMAc) (%) y(H0) (%)
60 C Deviation (% )
n(PMDA):n(ODA)
Ax or Ay
wpya  0.99:1 1.01:1 0.99:1 1.01:1
10%  63.2734 62.7968 26.7266 27.2032 0. 4766
30%  51.2364 50.6857 18.7636 19.3142 0. 5506
50%  37.4598 36.9949 12.5402 13.0050 0. 4648
70%  22.9715 22.6541 7.0284  7.3459 0.3175
90% 7.9050  7.7818  2.0950  2.2182 0.1232
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Fig. 7 LCP plots for the PAA ( PMDA-ODA-BIA-5% )/

DMAc/water system

Table 4 LCP fitting results for cloud point data of PAA ( PMDA-
ODA-BIA-5% ) /DMAc/H, 0 system

Temperature Linearly dependent

Fitting equation

(C) coefficient
30 y=1.13474x - 1. 39389 R* =0. 99951
45 y=1.12213x - 1. 27813 R* =0.99948
60 y=1.11685x — 1. 20957 R® =0. 99969
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Fig. 8 Cloud point curves of the PAA (PMDA-ODA-BIA-5% )
/ DMAc/water system at 30, 45 and 60 °C
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Table 5 LCP fitting results for cloud point data of PAA ( PMDA-
ODA-BIA-50% ) /DMAc/H, 0 system

Temperature Linearly dependent
Fitting equation
(c) coefficient
30 y=1.12301x - 1. 52983 R* =0.99951
45 y=1.12141x - 1. 47684 R* =0.99948
60 y=1.11978x - 1. 41528 R* =0.99969
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Fig. 9  Cloud point curves of the PAA ( PMDA-ODA-BIA-
50% ) /DMAc/water system at 30, 45 and 60 C
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Fig. 10 Calculated phase diagrams for different PAA/DMAc/ water
systems at various temperatures: (a) 30 C, (b) 45 °C and (c¢) 60 C
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The Construction of Phase Diagrams for Coagulation Formation

of the Wet Spinning of Polyimide Fibers

Xue Chen, De-zhen Wu " , En-lin Han
( The College of Materials Science & Engineering , Beijing University of Chemical Technology ( BUCT) , Beijing 100029)

Abstract Based on the theory of membrane forming systems,the phase separation of polyimide wet spinning
has been investigated. Poly (amic acid) (PAA) fibers were prepared by the wet spinning way. The structure
and properties of fibers were characterized by Fourier transform infrared spectroscopy ( FTIR) and scanning
electron microscopy ( SEM ). Experimental cloudpoints of PAA/N, N-dimethylacetamide ( DMAc )/H,0
systems could be achieved in the accessible low polymer content range by cloud-point titration. Linearized
cloudpoint ( LCP) curve correlations for ternary systems were used to extrapolate to higher polymer
concentrations to produce a full-phase diagram at different temperatures. The effect of changing the monomers
of PAA was discussed in detail. The results suggested that a linearized cloudpoint curve correlation held for the
ternary systems undergoing liquid/liquid demixing. The fact that the intrinsic viscosity of the ternary system
within a certain range had little effect on the phase diagram was discussed. By changing the monomers of PAA ,
the phase separation of the system showed different sensitivities to temperature.

Keywords Poly(amic acid) , Coagulation formation, Cloud point, Ternary phase diagram
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