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Preparation and properties study of soluble fluorine-free transparent
polyimide films with 7, over 400°C
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Abstract: Four types of organic soluble polyimide (PI) resins with semi-cyclic structures were prepared by one-step high-
temperature solution polycondensation using alicyclic dianhydride 1S, 2R, 4S, 5R-hydrogenated pyromellitic dianhydride
(ccHPMDA) and 1R,2S,4S,5R-hydrogenated pyromellitic dianhydride (ctHPMDA) with two aromatic diamines 9,9-bis[(4-
amino-3-methyl)benzene]fluorene (MFDA) and 2,2'-dimethylbenzidine (DMBZ), respectively. Four types of PI films were
prepared by dissolving the above four resins in N,N-dimethylacetamide and baking at high temperature. The thermal, optical,
and mechanical properties of the PI films were tested. The results show that functional groups including six-membered
cyclohexane ring, bulky fluorene substituents, ortho methyl substituent, and rigid biphenyl units endow these PI films with
excellent thermal stability. The glass transition temperature of the four films are all higher than 400°C and the 5% thermal
weight loss temperatures are higher than 500°C in nitrogen. Meanwhile, the four PI films show good optical transparency,
with transmittance at 450 nm all surpassing 84.8%, yellow-blue index ranging from 1.09 to 2.15, and haze value ranging
from 0.16% to 1.21%. In addition, the DMBZ based PI films exhibit superior mechanical properties, with tensile strength
and tensile modulus exceeding 118 MPa and 3.8 GPa, respectively.

Key words: colorless and transparent polyimide film; alicyclic dianhydride; solubility; thermal stability; optical transparency
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Table 1 Formulas for the preparation of PI resins
¥ ccHPMDA/g  ctHPMDA/g  MFDA/g  DMBZ/g
PI-1, 11.208 5 — 18.825 —
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PI-II, — 11.208 5 — 10.615
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Fig.1 Preparation reaction equation of PI resins
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Table 2 Molecular weights and solubility of PI resins

T
FE i /(x10* g/mol)
M, M, D NMP DMAc DMF DMSO CPA THF

AR

PI-I, 482 892 185 ++ ++ ++ ++ ++
PI-II, 7.30 14.12 1.93 ++ ++ ++ ++ ++
PI-I, 6.90 11.53 1.67 ++ ++ ++ ++ += 4=
PI-II, 8.15 18.30 2.24 ++ ++ ++ ++ += 4=

—— PI-I,
—O—PIL-II,
—— PL-I,
—— PL-II,,

i 0 o
43 F&/(g/mol)
E2 PIARH ST FEHIZ(GPC)
Fig.2 Molecular mass curves of PI resins (GPC)
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Fig.3 Molecular orbital energies of monomers
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Fig.4 XRD spectra of PI resins.
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Fig.6 UV-Vis curves of PI films
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Table 3  Optical properties of PI films

B J,/nm Tys/% g Ny An L a b’ ZIE/%
PI-I, 304 85.2 1.6152 1.614 1 1.614 8 0.001 1 95.42 0.01 1.61 1.21
PI-II, 303 86.0 1.618 3 1.616 2 1.6176 0.002 1 95.41 0.01 2.15 0.31
PLI, 292 84.8 1.605 7 1.596 6 1.602 7 0.009 1 95.56 -0.27 111 0.26
PL-II, 291 86.8 1.607 7 1.594 7 1.603 4 0.013 1 95.30 -0.35 1.09 0.16
23 tRE 10¢
< e “ — k]
PLE R AR BE 5 A PR e 3k 4 Tz , DMA 10°F
—_ 102
ith 2 a0 &l 7 plrs
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Table 4 Thermal and mechanical properties of PI films g 10" R
I i
T T, T R CTE T, T, E & 102 6
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Fig.8 TGA and DTG curves of PI films
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