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Synthesis and properties of cystamine-based self-healing polyimide
LI Xin, WANG Yulong,ZHAI Yan,ZHAO Yauli, JIA Shuai, HE Maoyong
(Department of Materials Engineering, Taiyuan Institute of Technology, Taiyuan 030008 , China)

Abstract : The molecular structure design and development of self-healing transparent polyimides have important practical
significance for improving the durability and service life of flexible optoelectronic devices. Using cystamine, bisphenol a diethyl
dianhydride and 1, 4-bis (4-amino-2-trifluoromethylphenoxy) benzene as raw materials, a series of copolymerized polyimides (SPI)
containing aliphatic disulfide bonds were prepared through chemical imidization method. The effects of cystamine content on the
chemical structure, transparency, thermal properties, mechanical properties and self-healing properties of SPI films were investigat-
ed. The results show that the chemical structures of copolymerized polyimides are consistent with the predetermined structures. The
molecular weights of SPI decreases gradually with raising the contents of cystamine, and the films with relatively high number-
average molecular weight (M >8x10" g/mol) can be still achieved when the mole fraction of cystamine is not more than 50%. The
introduction of cystamine effectively remains the excellent optical properties of SPI films, while their thermal and mechanical prop-
erties are deteriorated to a certain extent. When the mole fraction of cystamine is 50%, the transmittance at 500 nm, yellowness
index, onset temperature of thermal decomposition and tensile strength are 84.1%,7.7,415 °C and 85.08 MPa for SPI5 film, respec-
tively. Additionally, the self-healing performance of these films were also evaluated via scratch healing experiments and tensile tests.
Impressively, these scratches on the SPIS surface can be completely healed under 185 °C for 24 h, and it also reveals the high self-
healing efficiency of 92.37% based on tensile strength. According to the results of stress relaxation tests, it is found that the SPI5
film has the shorter relaxation time and lower activation energy in the glass transition temperature range , presenting the accelerated
exchange reactions of disulfide bonds and efficient topological rearrangement in the polymer network, which contributes to its self-

healing.
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Tab. 1 SPI with different molar ratio of 6FAPB to CY and its

molecular weight

Samples g, 0n ey M"/(104g'm01") Mn/(IOAg-mol") PDI

SPIO 10:0 17.59 28.54 1.62
SPI1 9:1 14.92 23.78 1.59
SPI2 8:2 12.14 20.81 1.71
SPI3 7:3 9.69 15.86 1.64
SP14 6:4 8.36 14.72 1.76
SPI5 5:5 8.10 14.08 1.73
SPI6 4:6 6.84 12.41 1.81

Note: PDI is polymer dispersity index.
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Tab. 2 Optical, thermal and mechanical parameters of different SPI films

Samples A /mm T, /%  YI T,/°C T, ,/°C T, ,/°C Tensile strength/MPa  Tensile modulus/GPa  Elongation at break/%

SPI0 369 86.09 3.8 530 200 220 97.24 232 9.72
SPI1 368 86.36 4.0 494 195 214 94.91 2.28 8.57
SPI2 373 84.20 59 478 185 207 94.20 2.27 8.21
SPI3 374 84.06 6.4 460 174 200 92.94 2.23 7.30
SPI4 372 83.83 7.2 436 167 192 87.74 2.24 5.63
SPI5 370 84.10 7.7 415 155 182 85.08 2.26 5.08
SPI6 372 83.31 8.3 391 150 175 52.61 2.15 2.57

Notes: A, is cut-off wavelengths; 7y is transmittance at 500 nm; Y1 is yellowness index; T,,is onset decomposition temperature at a mass loss of

5%;T, psc and T, py,is glass transition temperatures determined using DSC and DMA, respectively.
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Tab.3 Tensile strength and self-healing efficiency of SPI films

Samples Tensile strength/MPa  Self-healing efficiency/%

Pristine 97.24+1.92

SPIO Healed 6 h 46.42+3.37 47.74

Healed 12 h 48.48+4.21 48.86

Healed 24 h 53.61+3.52 55.13
Pristine 94.91+2.53

SPII Healed 6 h 47.92+3.90 50.49

Healed 12 h 53.5244.22 56.39

Healed 24 h 58.32+4.04 61.45
Pristine 92.94+2.95

SPI3 Healed 6 h 52.96+4.13 56.98

Healed 12 h 63.77+3.45 68.61

Healed 24 h 72.15+3.52 77.63
Pristine 85.08+2.45

SPI Healed 6 h 53.11+4.31 62.42

> Healed 12 h 68.33+4.88 80.31

Healed 24 h 78.59+4.11 92.37
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Fig. 9 Stress-strain curves of healed SP5 at 185 °C for different times
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Fig. 10  Stress relaxation curves of SPI at different temperature
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