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Influences of chemical imidization reagent dosage on structure and properties of polyimide films
ZHAO Feiyu, YU Feifei, LI Xiuting, DONG Jie, ZHAO Xin, ZHANG Qinghua
(State Key Laboratory for Advanced Fiber Materials, College of Materials Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract : 3, 3', 4, 4'-biphenyltetracarboxylic dianhydride (BPDA) and p-phenylenediamine (PDA) were used as monomers to
prepare polyamic acid (PAA) solution, then pyridine and acetic anhydride with equal amount of substance were employed as chemi-
cal imidization reagents, and the solutions of partially imidized PAA-polyimide (PAI) with different degrees of chemical imidization
were prepared by changing the molar ratio of PDA to the chemical imidization reagent. Finally, the gel films were prepared by low-
temperature heat treatment and then subjected to thermal imidization to obtain the corresponding polyimide (PI) films. The effects of
the dosage of the chemical imidization reagents on the sol-gel transition behaviors and degree of imidization of the PAI solution, the
aggregation structure, thermal properties and mechanical properties of the films were systematically investigated. The results show
that the dosage of the chemical imidization reagents governs the rate and extent of the imidization reaction, and significantly influ-
ences the aggregation structure as well as the thermal and mechanical properties of PI. Increasing the dosage of the chemical imidiza-
tion reagents can shorten the gelation time and enhances the degree of imidization. An appropriate amount promotes the ordered
arrangement and tight packing of the PI molecular chains, whereas an excessive amount leads to a decrease in structural regularity.
When the molar ratio of PDA to pyridine to acetic anhydride is 1:1:1, the resulting PI film exhibits optimal overall performance: a
glass transition temperature of 426.41 °C, a low coefficient of thermal expansion of 2.97x10™° K™, a tensile strength of 287 MPa, a
tensile modulus of 5.7 GPa, and an elongation at break of 40.05%. The thermal stability of the films was less sensitive to the dosage
of the chemical imidization agents, with 5% weight loss temperatures remaining in the range of 622—634 °C. In summary, an appro-
priate amount of chemical imidization reagents is beneficial for achieving a favorable balance among a reasonable processing
window, excellent thermal performances, and good mechanical properties for BPDA-PDA PI films.
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Fig. 8 TG curves of PI films with different amount of chemical imidiza-

tion reagents
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Tab.2 Thermal performance parameters of PI films with different

amount of chemical imidization reagents

Samples  T/°C T,/°C T,/°C  R/% CTEIQ(,X,)IO '
PILT 41133 62971 66873  64.14 7.73
PI-C-0.5 42240 62897  670.63  63.55 3.94
PI-C-1 42641 63327 67295  64.14 2.97
PI-C-1.5 41820  627.64 670.62  62.44 3.41
PI-C-2 41503  622.68 673.59  62.84 3.92
PI-C-2.5 41242 62699 67130  62.00 4.14
PI-C-3  406.63 62233 67096  62.43 4.41

Notes: 7, is glass transition temperature; T, is temperature at 5%
mass loss; 7, is temperature at maximum mass loss rate; R is residual
mass at 800 °C; CTE is coefficient of thermal expansion; CTE is
obtained at 50—300 °C.
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Fig. 9 Mechanical properties of PI films with different amount of

chemical imidization reagents
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