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Abstract: In order to prepare polyimide (PI) films with high order degree and stable thermomechanical properties,
pyromellitic dianhydride (PMDA) monomer was introduced into biphenyltetracarboxylic acid dianhydride-p-
phenylenediamine (BPDA-PDA) system, and PI films were prepared by random copolymerization method. The
aggregation structure and physical properties of the PI films were analyzed by XRD, TMA, DMA, TGA, prism
coupling instrument, and universal testing machine. The results show that different dianhydride composition has a
significant effect on the aggregation structure and thermal mechanical properties of PI films. With the increase of
PMDA-PDA segment composition, the molecular chain order degree increases, and the molecular chain spacing

decreases from 0.469 nm to 0.436 nm. The birefringence value shows an upward trend in the range of 0.18-0.22.
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The glass transition temperature (7,) decreases at first and then increases in the range of 379.86-439.05°C. The

thermal expansion coefficient (CTE) increases at first and then decreases in the range of 0—7x10° K™'. The tensile

strength and 5% thermal decomposition temperature (7,,) show a downward trend in the range of 166—225 MPa
and 576.8 — 590.4°C , respectively. When the mole fraction of PMDA is 60%, the PI film has excellent
comprehensive properties with 0.22 of birefringence, 439.05C of 7, 0.012 5x10° K of CTE, 302.5°C of heat

resistance index(7y,) , and 576.8°C of T,.

Key words: polyimide film; aggregate structure; coefficient of thermal expansion; thermomechanical property
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Tab.1 Mechanical properties of PI films

— PSR MORMCR SRR
/MPa /% /GPa

BPDA-PDA 225.1£7.8 11.3+0.31 5.7+0.2

PMDA2-BPDAS-PDA  212.6+5.9 5.6+0.30 5.1+0.16

PMDA4-BPDA6-PDA  209.7+3.4 3.7+0.25 4.9+0.37

PMDAS5-BPDA5-PDA  177.7+8.8 3.6+0.21 4.6£0.14

PMDAG6-BPDA4-PDA  166.0+4.7 3.3+0.40 4.5+0.23
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Tab.2 TGA results of PI films with different PMDA

contents
B T,,/C Ty, I'C T,/ C
BPDA-PDA 590.4 662.7 310.6
PMDA2-BPDAS-PDA 584.9 657.5 307.9
PMDA4-BPDA6-PDA 583.8 647.9 304.9
PMDAS5-BPDAS-PDA 580.8 645.2 303.5
PMDA6-BPDA4-PDA 576.8 644.5 302.6
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PI films with different PMDA contents
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Tab.3 Comparison of mechanical and thermal properties

of PI films with different chain skeletons
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