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Fig. 1 Imidization scheme of PAA
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Fig. 3 Relative molecular weight of polymers for
thermally staged films
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Fig. 4 Normalized peak height of anhydride for thermally
staged films
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Table 1 FTIR spectra of PA4 and P]

Wavenumber
Source Intensity Description
{em™")
1780 5 C—=0 stretching
1720 Vs C=0 symmetric stretching
Imide
1380 S C—N stretching
725 C—=0( bending
2000 ~ 3200 COOH & NH,
1710 M C=0 (COOH) stretching
Amide 1660 Y C==0 (CONH) vibrations
1550 S C-—NH bending
1820 M C=0
Anhydride 1780 5 C—=0  siretching
720 S (—0 bending
Benzene 1500 5 Benzene ring vibrations
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Fig. 7 Degree of imidization versus time
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Table 2 Imidization kinstic parameters of the PAA

T k -7 E. E, A
b
(T) (xW,mn"') (%) {(khmol™!) {min~1)
180 8.37 33.2
Fast
200 .50 417 128 39.0 3.8 319.9
P o 19.50 9.3
Slow 180 Q.51
aep 200 0.82 43.2 62.1
220 1.32
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KINETICS OF THERMAL IMIDIZATION FOR LONG-CHAIN POLYAMIC ACID

HUANG Pei, GENG Hongbin, CHENG Ru, WANG Xiaodong, SHI Jun
{ College of Chemistry and Chemical Engineering, Nanjing Universicy of Technology , Nenjing 210009}

Abstract Thermal imidization of the polyamic acid derived from BPADA and BAPS was investigated mainly by
GPC and FTIR equipped with an in-situ hot cell. The non-isothermal imidization was carried out in the temperature
range from 100 to 300°C with a multi-step heating program . Resalts indicated an initial dissociation of the amide
bonds , producing anhydride and amine end groups, and the reduction in molecular weight and the embrittiement of
the film. As the temperature was increased further, the above terminal functional groups recombined to increase the
chain length and molecular weight, resulting in the toughness recovery of the film. The isothermal imidization
included two steps of different reaction rates, a fast step followed by a slow one. That is 1o say a kinetic interrupt took
place. A two-step firsti-order kinetics model was applied to the isothermal imidization, and the relevant paramelers,
suchas k, E, and A, were obtained. In addition. as the isothermal imidizalion was concerned, a new empirical
formula was proposed to correlate the degree of imidization at the kinetic interrupt point with the curing temperature,
which showed a good agreement with the experimental date. Moreover, the kinelic interrupt was explained based on
both the conformation change and the effect of free volume.

Key words Bis[ 4-(4-aminophenoxy ) phenyl ] sulfone , Bisphenol-A-bisether-4-phthalic dianhydride, Polyimide,

Thermal imidization, Kinetics



