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Synthesis and properties of flexible alternative-like copolyimides
YANG Kai', LI Xinjian"? LI Xin', QIU Yu', ZHAI Yan'
(1. School 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 : A series of alternative-like copolyimide (API) were synthesized via chemical imidization using 4, 4'-(hexafluoroiso-
propylidene)diphthalic anhydride (6FDA), 2, 2'-bis (trifluoromethyl)benzidine (TFMB), and 3, 4'-oxydianiline (3, 4'-ODA) as mono-
mers, with the molar ratio of TFMB to 3, 4'-ODA precisely controlled to enhance the toughness and bending resistance of 6FDA/
TFMB-based polyimide films. The influences of 3, 4'-ODA content on the microstructure, optical, thermal, and mechanical proper-
ties of API films were systematically investigated. The results indicate that increasing 3, 4'-ODA content leads to a reduction in inter-
molecular chain spacing and an enhancement in chain ordering and regularity, resulting in a decrease in the light transmittance of the
film and an improvement in film toughness. As the proportion of flexible 3, 4'-ODA segment increases amd temperature rises, the
mobility and thermal susceptibility of API molecular chains are enhanced, leading to a decrease in the thermal stability of API films.
With a fixed dianhydride monomer content, increasing molar ratio of 3, 4'-ODA and TFMB from 0 : 1 to 0.5 : 0.5 decreases the
average intermolecular distance from 6.26 A to 5.63 A. Correspondingly, the optical transmittance of API film at 500 nm declines
from 90.0% to 86.6%, and the yellowness index is increased from 3.7 to 8.5. The tensile strength at break of API film is improved
from 108 MPa to 172 MPa, and the elongation at break of API film is increased from 4.60% to 14.95%, while the tensile modulus
decreased from 2.61 GPa to 1.37 GPa. Meanwhile, the glass transition temperature of API film is dropped from 365 °C to 337 °C,
and the onset decomposition temperature is decreased slightly from 541 °C to 533 °C.

Keywords : alternative-like copolyimide ; chemical imidization ; microstructure ; optical property ; toughness
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F| R, 7E 90 °CHEFE 2 hJF 4 20 mL H2RAE
Sy 3 ) 1 5 48 KK (1.20 mL, 10.25 mmol) il A 2%
Wb FE180 °C R4 he IREWMAHERIR)G,

FERIZUSEFE T HAR A ) i L srh  DIE W 2 il
UEVEAECR G , 100 °CF H2E 144 4 h 1551 APL,

LLNMP R %5 551, Be il 5 7 &8 18% Y AP
T, I8 9 e HE ) U 7 AN A B I AR | (240 mmx
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20~30 wm f*) APT 5
1.4 MR 5 KA

FTIR i3k : R A FTIR % AP B ik 47 1)
R, FHRE 32 K, FHETERT 4 000~400 em '

XRD il 3 : >R FH} XRD {30 APT i B 47 1
IR, PR R CuKa B4R, 1 BV IR 5°~55°,
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GPC i : XF APL R BB W #6147 T GPC it
B DMF , A1 45 °C.
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AR ERE , BE S RST 10 mmx50 mm, 7 5 JEE 4
DS AE 2R BE  PL A 5 mm/min.

2 H#HR5FR
2.1 API#9HF4#

F 1B T il 28 APL I BRAARZH R (450 I 1) 9 ot
() fe LE) REPERE RS O3 R/ INRI AT SRR
P 1AL 2 435012 APT (1) 65 B it 286 R RS 5 i
K. & 3JE APL 2 APL M EHY FTIR 318 . anf&l 3
iR, 1508 cm Al 1 488 cm ™ b JEIRERE 4R C=C X

R1 API~APLITRIBIBEAR S FEREE

Tab.1 Sample compositions, molecular weights and film thickness of API ~API, material

Compositions

Samples Dianhydride Diamine 7,,/(dL* g™ M/(g'mol™) M /(g'mol™)  PDI  Thickness/um
6FDA/mol TFMB/mol 3,4'-ODA/mol
API, 1 1 0 0.78 4.45x10* 1.25x10° 2.81 24+0.8
API, 1 0.9 0.1 0.82 4.83x10* 1.41x10° 2.92 27+0.5
AP 1 0.8 0.2 0.84 5.75%10°* 1.46x10° 2.54 25+0.6
API, 1 0.7 0.3 0.72 4.92x10* 1.17x10° 2.38 28+0.4
API, 1 0.6 0.4 0.87 6.71x10°* 1.51x10° 225 26+0.6
API 1 0.5 0.5 0.69 4.03x10°* 1.04x10° 2.58 29+0.7

S

Notes: 1, is inherent viscosity; M, is number-average molecular weight; M is weight-average molecular weight; PDI=M, /M .
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Fig. 1 Synthesis route of API
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Fig. 2 Preparation flowchart of API film
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Fig.3 FTIR spectra of API, API,, API,, API,, API, and API; material
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Fig.4 XRD spectra of API, API,, APL, APL, API, and API, material
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Fig. 5 DMA curves of API, API,, APL,, APL,, API, and API, material
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Fig. 6 TG curves of AP, API,, APL,, APL,, API, and API; material
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Fig. 7 UV-Vis spectra of API, API,, APL,, AP1,, API, and API, material

K2 API~APL TR A RS 1 RE

Tab.2 Structural information, heat resistance and optical properties of API -API, material

Thermal properties Optical properties
Samples 26/(°) d-spacing/A

T/°C T,,/°C CTE/(x10°K") A,/nm Togo % Y1
APl 14.2 6.26 365 541 79 358 90.0 3.7
API, 15.0 5.90 363 539 83 366 89.5 4.1
API, 15.1 5.85 357 538 88 364 88.8 5.8
API, 15.4 5.79 342 537 92 367 87.7 6.3
API, 15.5 5.70 341 535 96 365 87.6 7.1
API, 15.7 5.63 337 533 100 368 86.6 8.5
PET - - 55 - - - 88.82 0.5
PC - - - - - - 89.95 0.1

Notes: 7, is glass transition temperatures determined by DMA; T,, is onset decomposition temperature at a mass loss of 5%; CTE is coefficient of

thermal expansion; A is cut—off wavelengths; 7

00 nm

is transmittance at 500 nm; YT is yellowness index.
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Tab.3 Mechanical properties of API ~API, material

Samples Tensile modulus/ Tensile Elongation at
GPa strength/MPa break/%

APl 2.61 108 4.60
AP, 2.54 140 5.40
API, 2.45 156 6.62
AP, 2.13 161 7.90
API, 2.07 165 8.40
APIL 1.37 172 14.95
PET 1.20 - _

PC 1.50 - _

3 i
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