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Preparation and characterization of low expansion transparent copolyimide films
ZHANG Mingyan'*, GAO Sheng', WU Zijian'"*, CUI Hongyu', GAO Yan'

(1. School of Materials Science and Engineering, Harbin University of Science and Technology, Harbin 150040, China;
2. Key Laboratory of Engineering Dielectric and Its Application, Ministry of Education (Harbin University of Science and
Technology) , Harbin 150080, China)

Abstract : In order to minimize the coefficient of thermal expansion (CTE) of fluorinated polyimide film without
reducing its transmittance, 5 kinds of Co — PI thin films whose BPDA content were 0% , 10% , 20% , 30% , and
40% were prepared by copolymerization of 4,4" — (six fluoro isopropenyl) two phthalic anhydride (6FDA) , 4,
4’ - two amino —2,2' — double three trifluoromethyl biphenyl (TFMB), and 3,3", 4,4’ — two four biphenyl
carboxylic acid anhydride (BPDA) through a two-step method. Properties of the films were characterized by
methods such as Fourier transform infrared spectroscopy (IR), thermogravimetric analysis (TGA), and thermal
mechanical analysis (TMA ). Results show that compared with homopolymers, copolymer films had better
thermal properties. The dielectric constants of films were directly proportional to the content of BPDA, while
their transmittances in the visible light zone changed in the opposite way. Tensile test showed that the tensile
strength and elastic modulus of the films increased with the increase of the content of BPDA, but when the
content of BPDA was more than 30% , the mechanical properties began to decrease. With the increase of
comonomer content, the thermal expansion coefficient of the film decreased greatly.

Keywords: polyimide film; transparent; fluorine containing; copolymerization; coefficient of thermal
expansion ( CTE)
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Table 1  Monomer ratio and specimen number

. . Relative content
Film Monomer Molar Ratio

of BPDA/%
PI-0 n(6FDA) : n(TFMB) =1:1 0
PI-1 n(6FDA) : n(BPDA) : n(TFMB) =9 : 1 : 10 10
PI-2 n(6FDA) : n(BPDA) : n(TFMB) =8 : 2 : 10 20
PI-3 n(6FDA) : n(BPDA) : n(TFMB) =7 : 3 : 10 30
PI -4 n(6FDA) : n(BPDA) : n(TFMB) =6 : 4 : 10 40
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Fig.1  Synthetic reaction of polyimide
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Fig.2 Infrared absorption spectra of polyimide films
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Table 2 Viscosity data of PAA solutions

Film to/s /s [nl/ e/
(dL-g™")  (dL-g™")
PI-0  144.38  281.54 1.34 0.95
PI-1  144.38  301.75 1.47 1.09
PI-2  144.38  317.64 1.58 1.20
PI-3  144.38  333.52 1.67 1.31
PI-4  144.38  355.17 1.80 1.46
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Table 3 Thermal properties of polyimide films

Residual

Film Tys0, /C T 00/ C T,/C
mass/ %

PI-0 498.51 533.10 48.12 290.44

PI-1 525.53 552.17 53.91 303.28

PI-2 525.33 552.53 51.90 310. 60

PI-3 525.29 552.17 51.78 315.75

Pl -4 525.33 552.45 51.83 317.36
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Table 4  Optical properties of thin films

Film Ao/nm Tyso/ Y% Tsoo/ %
PI-0 341 91.48 93.37
PI-1 341 90. 06 92.37
PI-2 341 90. 66 92.67
PI-3 342 86.29 89.68
PI-4 359 82.38 86.99
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Fig.5 Color of polyimide films
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Table 5 Mechanical properties of thin films

Film o,/ MPa 5/% E/GPa
PI-0 79.62 2.94 1.74
PI-1 85.91 3.49 1.83
PI-2 92.39 3.32 1.95
PI-3 100. 74 3.28 2.18
PI-4 84.27 2.56 1.79

2.7 EHEMRTREME

5 it PL#ERR AR PR A I RN 3% 6 BT,
HH AT AORY CTE KT TeHLA R VR etk
KoM, P I8 28 5 22 5 4 L fk S JC ML R e 1
FHAE R AR AR 2 Bk sk = AR i RO AR Ak i
ANI]. Akt 6 PSS TR 22 BV FH R 5 L
BEor S, AR LAY CTE. )\3R 6 AILLE
W AR Y BPDA 45 i 4 25 , H CTE #/)N, BPDA
JEEJR 450 40% (1) PT — 4 () CTE A Lt PI - 0 F#AIK
T 50% . X T 4% 1) [F] 0 0 = R, 4B 1] Y AR
B R PR 280 3 B

HRAE 1 3o B T R, SR 23080 PL A3 1Y
HEFRRR R4 (VR L g, 34 23+ 09 1A el Ak
R, L& R PL Y CTE #05 T4 PL & fF
BPDAR 7 FHE 8, WIS, A 5 SE B A FR %
SIFIAH FEE 5 17T HL H T e 2R AR b A R NI AN [
FBA3, PRI A [R) 4 235k 23 38 3k B AH 22 4 TP



- 86 - MR R

T Z 27 &

IR RIARZE R | ik — 25 LG 0 14 BL Az 3l , 75
W CTE "R, & IR AR U R )T A€

Fxo HREMABKRY
Table 6 CTE of thin films

film PI-0 PI-1 PI-2 PI-3 PI-4
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