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Abstract : Polyimide (PI) films are difficult to meet the heat dissipation requirements of high power density electronic devices
due to their low intrinsic thermal conductivity [0.1-0.3 W/(m-K)].Therefore, the preparation of high thermal conductivity PI films is
crucial for the semiconductor industry, especially in the field of flexible electronics. In this study, high extensible PI precursor films
were prepared by a chemical imidization process, and the molecular chain orientation structure was regulated by uniaxial mechanical
stretching. The effects of the draw ratio on the anisotropic thermal conductivity, mechanical properties and thermal stability of the
films were systematically investigated. The experimental results show that as the draw ratio increases from 1.0 to 2.5, the in-plane
thermal conductivity along the stretching direction significantly increases from 0.34 W/(m-K) to 1.11 W/(m-K), while the in-plane
thermal conductivity and the out-of-plane thermal conductivity perpendicular to the stretching direction decreases to 0.11 W/(m-K)

and 0.14 W/(m-K), respectively, exhibiting obvious anisotropic heat conduction characteristics. Two-dimensional wide-angle X-ray

EETE : [FRE AR5 H(2022YFA1203604), 5 5 AR R4 00 H (12241202, 12302251, 52406265) , IO AR E B RHIFZ: 2555 H
(6026310058K), v [ B 2 57 A K 2 2025 45 B A1 A1) Ml 20 & BT 58 188 (SCTY2025003), 7 B2 17 AR R 2 A 4% B it T 2 391 H
(2025xjyxm018,2025xkeszkc03)

BIEMEE: B, T, 2, W2 S, BIFFE 5 ) S R S R AR OB P91 25 5 e, 1, 2SR, BIF5 5 1o o ey N BE e

W 2026-07-13

SIS A HS , BT A D - s T L B, A5 ML e X SR8 T I g o 1) 45 4y B S AP B 1 52 ) [0 TR B RL R L 2026, 54(9):
128-134.

ZHAO Hanhan, Abudouhelili- Yakefu ,LUO Chen, et al. Effects of mechanical stretching on orientation structure and thermal conductivity of

polyimide films[J]. Engineering Plastics Application,2026,54(9):128-134.



AR AS , 45 AU 0] SR I Ve R i S5 2 5 P RE A S ) 129

scattering analysis indicates that stretching induces a high degree of molecular chain orientation along the direction of the external

force (Herman orientation factor increases from 0.08 to 0.79) and promotes the ordered packing of local chain segments, thereby

constructing continuous phonon transmission channels in the stretching direction. The research also shows that at a draw ratio of 2.5,

the tensile strength and tensile modulus of the film reach 423.4 MPa and 2.48 GPa, respectively, and the glass transition temperature

increases to 373 °C. This study provides a feasible strategy for achieving efficient thermal transport along specific directions in PI

films without introducing highly thermally conductive fillers, showing application potential in the field of flexible electronic thermal

management.
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Tab.1 Mechanical properties of PI films with different draw ratios

A o/MPa E/GPa a”/%
1.0 154.1 0.796 26.3
1.4 267.5 1.81 37.7
1.8 220.5 1.59 335
2.5 423.4 2.48 37.4

Notes: A represents stretch ratio; o represents tensile strength; £

represents tensile modulus; &, represents elongation at break.
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(a) 2D-WAXS pattern of PI samples without stretching(1.0)
and with draw ratios of 1.4, 1.8 and 2.5
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Fig. 6 2D-WAXS characterization for PI films with various draw ratios(1)
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Tab.2 WAXS parameters of PI films

A g/nm™ Ag/nm” g/nm”  Ag/nm™ X f

1.0 4.18 0.616 12.79 5.395 0.211 0.08
1.4 4.12 0.589 12.94 5.550 0.318 0.44
1.8 4.11 0.546 13.05 5.928 0.339 0.61
2.5 4.04 0.417 13.38 6.120 0.416 0.79

Notes: A as shown in table 1; g,represents ordered peak position;
Ag,represents full width at half maximum of the ordered peak; g, repre-
sents diffuse peak position; Ag, represents full width at half maximum of
the diffuse peak; X represents relative degree of order; f represents orien-

tation factor.
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