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Influences of synergism between imidization degree and stretching temperature on structure and
properties of polyimide films
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YANG Zhenwu',ZHAO Yuetong'
(1. Department of Materials Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China;
2. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)

Abstract : Using acetic anhydride/pyridine catalytic system, polyamide acid imide (PA-I) films with different chemical imidi-
zation degrees were prepared by varying the additives of the system, then, the uniaxial stretching was carried out at different temper-
atures, and the polyimide (PI) films were prepared by thermal imidization. The influences of synergism between imidization degree
and stretching temperature on the aggregation structure , mechanical properties, thermal properties, and optical properties of PI films
were systematically investigated. The results demonstrate that imidization degree governs molecular chain rigidity-flexibility, while
stretching temperature is a critical parameter that determines molecular orientation, revealing significant synergism between the two
parameters. At a moderate imidization degree (about 60%), molecular chains achieve optimal rigidity-flexibility balance, combined
with the optimal stretching temperature (260 °C), the highest molecular order degree and best mechanical properties of PI films can
be obtained. The thermal stability of PI films are minimally affected by imidization degree, the dense network formed by complete
imination effectively counteracts the potential thermal deterioration effect of stretching. Stretching-induced molecular orientation

increases light scattering, slightly reducing visible-light transmittance and increasing yellowness index. Nevertheless, the sample
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with about 60% imidization degree exhibits the best overall optical performances. In conclusion, the combination of about 60%

imidization degree coupled with 260 °C stretching temperature represents the optimal process to achieve a balance of high molecular

order degree, superior mechanical properties, and favorable optical characteristics of PI films. This provides theoretical foundation

and process optimization route for precision manufacturing of high-performance PI films.

Keywords : imidization degree ; uniaxial stretching ; stretching temperature ; order degree ; mechanical property ; transmittance
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Tab.1 Uniaxial stretching temperatures and final PI film name

Samples Stretching temperature/°C Final film name
PA-1-20 220 PI-20
PA-I-40 240 PI-40
PA-1-60 260 PI-60
PA-1-80 280 PI-80
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Fig. 2 FTIR spectra of PA-I films with different imidization degrees

and PI films with complete imidization
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Tab.2 Imidization degree of PA-I films before and after stretching

Items PA-1-20 PA-I-40 PA-I-60 PA-I-80
Imidization degree before
stretching/%

17.2 423 62.9 81.4

Imidization degree after

stretching/% 26.6 483 70.9 89.2
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Fig. 3 XRD patterns of final PI films prepared by PA-I films with
different imidization degrees before and after stretching
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Tab.3 Order degree of PI films prepared by PA-I film with differ-

ent imidization degrees before and after stretching

Items PI-20 PI-40 PI-60 PI-80

Order degree before stretching 2.67 2.75 3.08 3.25
Order degree after stretching 3.18 322 3.35 333
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Tab.4 Thermal property data of final PI films prepared by PA-I

films with different imidization degrees before and after stretching

Samples r/°C T,/C T,,/°C Carbon residue rate/%

PI-20-Un 34736  534.83 555.99 53.85
PI1-40-Un 348.89 53483 556.53 53.50
PI-60-Un 354.68 53349  554.65 53.21
PI-80-Un 35632 53525 552.52 53.15
PI-20 352.54  534.63 554.03 5291
PI-40 353.69  533.51 554.41 54.31
PI-60 35587 53452 554.69 54.58
PI-80 356.37 53497  553.90 53.04

Notes: 7, is glass transition temperature; 7, is temperature at 5%

mass loss; T, is temperature at 10% mass loss.
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Fig. 7 Transmittance of final PI films prepared by PA-I films with
different imidization degrees before and after stretching
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Tab. 5 Optical properties of final PI films prepared by PA-I films

with different imidization degrees before and after stretching.

Samples T/ % YI
P1-20-Un 85.88 11.5
PI-40-Un 87.16 6.5
PI-60-Un 88.66 5.9
PI-80-Un 87.81 6.0
PI-20 80.26 19.0
PI-40 84.20 11.5
PI-60 84.53 10.2
PI-80 84.00 11.2

Notes: T, is optical transmittance at wavelength of 500 nm; YT is
yellowness index.
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