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Abstract: Four types of polyamide acid (PAA) glue were synthesized from polycondensation of
2,7-diamino-5,10-diketo-4,9-diazapyrene (II), a diamine monomer containing a pyrene structure obtained
from iron powder reduction of 3,3',5,5'-tetranitro-2,2'-biphenyldicarboxylic acid ( I ) which was prepared
from 2,2"-diphenyl dicarboxylic acid, with 4,4’-oxyphthalic anhydride, 3,3',4,4’-benzophenone tetracarboxylic
anhydride, 3,3',4,4'-biphenyl tetracarboxylic anhydride, and 2,3,3',4’-biphenyl tetracarboxylic anhydride,
respectively, and the corresponding four polyimide (PI) films (PI-1~PI-4) were then constructed by film
casting. Dinitro compound I and diamine monomer Il were identified by '"HNMR and *CNMR, while the
four PI films and PAA glues were characterized by FTIR and GPC. The thermal properties and mechanical
properties of PI films were evaluated by color haze meter, TGA, TMA, DMA, and universal
electro-mechanical tester. The results indicated that the number-average relative molecular mass (M,) of
PAA ranged from 9.90x10" to 1.29x10°, while the average transmittance of these PI films ranged from 1.10%
to 3.27% between 400 nm and 750 nm, with light (L") values between 9.79 and 21.08, classifying the films
as black. The glass transition temperature (7,) of PI films were equal or greater than 413 °C, with that of
PI-3 reaching 482 °C. The 5% decomposition temperature of PI films were equal or great than 557 °C, and
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their coefficients of thermal expansion ranged from 4.70x10” to 9.92x10° K™! in the temperature range of
50 °C to 350 °C. The PI films exhibited tensile strengths of 132.1~156.5 MPa, tensile modulus of 4.4~5.3

GPa and elongations at break of 3.33%~5.14%.

Key words: heteropyrene structure; diamine synthesis; black polyimides; films; high thermal resistance;
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Fig. 3 FTIR spectra of PI films
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Fig. 4 Photographs of PI-1~PI-4
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Table 2 Optical properties of PI-1~PI-4

fL L ——
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PI-1 214 1429 2785 1.90 1.78 1.64 1.57 0.07
PI-2 203 13.78 26.71 454 1.69 134 139 0.04
PI-3 239 9.79 2248 1.67 1.10 1.25 1.85 0.08
PI-4 18.8 21.08 31.11 1032 3.27 193 1.21 0.07
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Fig. 6 TGA curves of PI-1~PI-4
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Fig. 7 TMA curves of PI-1~PI-4
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Table 3  Tensile properties of PI-1~PI-4

. P fE

TR — Ny ST
PLASRBE/MPa  PIIPBE/GPa Wi R R/%

PI-1 156.5 53 4.23

PI-2 132.1 4.4 3.33

PI-3 155.7 4.8 5.14

PI-4 151.8 5.0 4.77

M 3 ATLAFEH, PI-1~PI-4 5 {58 ) K
132.1~156.5 MPa, Hifififiiis}y 4.4~5.3 GPa, ikt
KR 3.33%~5.14%, HH, & BPDA [y PI-3
I FE TR M A T B AR B ((155.7 MPa ) ST
% (5.14% ). PESCHR[27]40E , 7 ALY Kapton
B 58 B >120 MPa., 5 Kapton AT L, % &5
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