534,55 8 T B o ok N Vol.53, No.8 99
2025 4 8 H ENGINEERING PLASTICS APPLICATION Aug. 2025

doi:10.3969/j.issn.1001-3539.2025.08.013

55 S 8 o B T R e B 0 250

FRE ZU EA
(L b REERDRI R 5 TR, RE 0300515 2. KRIETV2Bikkl THER KB 030008)

FEE : 41 x4 45 S R BE T i (PT) A T i e ik B 02 7= AR 09 - T 4R 1B 45 L A A B L 25 51 R 30 B 09 ) 4R, R ) o~ 0T
7 JEAR R = 9 B2 BT (6FDA) A 2, 2'- 3 (= A F )4, 4'- = 2 & KA B (6FODA) 4 B S 4k, i it “A 5 I e 4- ) 3 X4
BAY LT ERNEL EENRBL P, & 55 ERBIEIR(PAA)AT IEKIER T 5| N LB BF /g B ALK £ 24T
M5 T P AL 22 ik i B A i B ok A PG I, 2 B) 8 454 48 22 09 1 0L T PR A I3 8 xF PLIE BEREAT ) 3 sUdh A,
RA BB I IREN , R AVF AR E VL PIEEL, <t #5469 PLAE LU 47 2 My R A Aotk A 3K, 2 R A,
JA T4 % 6FDA-6FODA 7! PI 7 i 44 “A0 3 T i fb-F 3 S sbdafb” B A4 T H LI T “HF M pieFimE" 510

VEAL R B BAEA W5 R B R AR, B A AT LA MR T B —HARKAEPIEW RS A R4 Ao TR

ALY EARG, ERRAERT, BidHEEY xxfmiﬁw\%ﬁi B 6] G, TR T BB A S
& 540 I8 B 260 °CHt ) &4 PLIE LM 4 B A, 538 F3X 90.52%, 3% A5 AR E 3.9, B i oA K509 ) 524k, 3 dd
3% JE A 126.13 MPa, Fa4f 5 ARF 4 2.15 GPa, A B 4504 AR M

SR BRI N S TR ; B S dh A %«r&;ﬁ)%ﬁ}i;iagﬁ

hESES: TQ324.8  XEAFRIRED: A  XE4HS:1001-3539(2025)08-0099-08

Effects of synchronous biaxial stretching temperature on properties of flexible polyimide films
LI Yuxuan', WANG Xinyi',ZHAI Yan'*
(1. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China;
2. Department of Materials Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract : To address the issues of molecular chain slippage, high energy consumption, and side reactions caused by high
temperatures in traditional thermal imidization methods of polyimide (PI), colorless and transparent PI films were prepared by chemi-
cal imidization-synchronous biaxial stretching composite process using hexafluoroisopropylphthalic anhydride (6FDA) and 2, 2'-bis
(trifluoromethyl) -4, 4'-diaminophenyl ether (6FODA) as monomers. Initially, chemical imidization was performed on the polyamic
acid (PAA) precursor solution using an acetic anhydride/pyridine catalytic system. Under fixed stretch ratio, synchronous biaxial
stretching was conducted at varying temperatures followed by solvent removal at high-temperature, successfully producing the PI film
with outstanding optical transparency. The prepared PI films were characterized and tested. Test results demonstrate that the chemical
imidization-synchronous biaxial stretching composite process for preparing 6FDA-6FODA PI film achieves cross-scale synergistic
effects through precise chemical regulation of molecular structure and directional physical optimization of macroscopic properties.
This composite process effectively resolves inherent defects of single techniques in transparency retention, mechanical balance, and
processing efficiency of PI. Under the constant stretching ratio, high-temperature synchronous biaxial stretching facilitates the high-
degree orientation of molecular chains along both in-plane directions, leading to the formation of the dense and ordered structural
framework. The optimal PI film prepared at 260 °C exhibites superior performance as follows: transmittance is90.52%, low yellow-
ness index is 3.9, tensile strength is 126.13 MPa, and elastic modulus is 2.152 GPa.
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Tab.1 Parameters of synchronous biaxial stretching process

1.3:1.3

Pre-stretch

Stretching Stretch- Stretching
Samples heat preserva- . . 1
temperature/°C . . ing ratio  rate/(mm-*s )
tion/min

PI-0 0 0 0
P1-220 220 5 1.1:1.1 10
PI-240 240 5 1.1:1.1 10
PI-260 260 5 1.1:1.1 10
PI-280 280 5 1.1:1.1 10
PI-300 300 5 1.1:1.1 10
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Tab.2 Thermal properties data of PI films at different stretching

temperatures

Carbon residue

Samples T,,/°C T,,/°C T/C rate at 800 °C/%
PI-0 453.31 518.21 279.57 48.81
PI-220 488.72 531.57 290.23 49.10
PI-240 489.38 532.62 294.18 49.71
PI-260 510.99 538.95 297.26 51.13
PI-280 509.83 539.83 295.84 51.04
PI-300 496.56 533.09 295.56 48.27

Notes: T, is temperature at 5% weight loss; T, is temperature at

10% weight loss; 7, is glass transition temperature.
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Tab.3 Optical properties data of PI films at different stretching

temperatures

Samples Ty % YI Haze value/%

PI-0 86.71 10.2 8.5
PI1-220 88.08 9.8 7.4
PI-240 88.77 6.6 6.1
PI-260 90.52 3.9 3.9
PI-280 89.32 4.5 45
PI1-300 88.38 6.4 52

Notes: Ty, is transmittance at 500 nm; Y1 represents final yellow-

ness index.
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