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Study on preparation and properties of polyimide films based on
xanthene-based and fluoro-containing dianhydride monomer

WANG Zhenzhong', HE Zhibin?, REN Xi', YANG Changxu', HAN Shujun’,
QI Yuexin', YU Haifeng’, LIU Jingang'

(1. Engineering Research Center of Ministry of Education for Geological Carbon Storage and Low Carbon
Utilization of Resources, School of Materials Science and Technology, China University of Geosciences,
Beijing 100083, China; 2. Key Laboratory of Polymer Chemistry and Physics of Ministry of Education, School
of Material Science and Engineering, Peking University, Beijing 100871, China)

Abstract: Three fluoro-containing polyimide (PI) resins (PI-II,, PI-II,, and PI-II)) were prepared by two-step chemical
imidization procedure using a fluoro-containing dianhydride 9, 9-bis(trifluoromethyl)xanthene-2, 3, 6, 7-tetracarboxylic
dianhydride (6FCDA, II) and three kinds of aromatic diamines, including 2,2'-bis(trifluoromethyl)-4,4'-diaminodiphenylether
(6FODA, a), 1, 4-bis[(4-amino-2-trifluoromethyl)phenoxy]benzene (6FAPB, b) and 2, 2-bis[(4-aminophenoxy) benzene]
propane (BAPP, c), respectively. For comparison, the referenced PI resins (PI-I,, PI-I;, and PI-I)) were prepared with the
same procedure except that 6FCDA was replaced by 4,4'-(hexafluoroisopropylidene)diphthalic anhydride (6FDA). And then
six kinds of PI films were prepared by high temperature curing process, and their properties were studied. The results show
that the solubility of PI-II, PI-II,, and PI-II resinsin organic solvents is lower than that of PI-I, PI-I,, and PI-I, resins.
Compared with PI-I,, PI-I,, and PI-I films, PI-II,, PI-II,, and PI-II films show higher glass transition temperature (7,), lower
linear coefficient of thermal expansion (CTE), little lower optical transparency, and relatively higher dielectric constant (D,).
The PI-II film has the optimal comprehensive properties, its 7, and CTE is 362.5°C and 39.6x10° K, respectively, its
optical transmittances at the wavelength of 450 nm (7 5,) is 83.9%, and the D, at the frequency of 10 GHz is 3.00.

Key words: polyimide; trifluoromethyl; xanthene; optical properties; thermal properties
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Table 1 Formulas for the preparation of PI resins

P LY

6FDA 6FCDA 6FODA 6FAPB BAPP CZJFRAF NtiE
PLI, 222120 O 168115 O ) 30.6  19.0
PI-I, O 229110 168115 O ) 30.6 190
PI-I, 222120 O O 214165 O 30.6  19.0
PLIL, O 229110 O 214165 O 30.6 190
PII, 222120 O @) O 20.5255 30.6 19.0
PLI, O 229110 O O 20.5255 30.6 19.0
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Fig.1 Preparation reaction equation of PI resins
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Table 2 Inherent viscosity, molecular weights, and solubility of PI resins

R SRR TR0 gl R
M, M, PDI NMP DMAC DMF DMSO CPA THF

PI-I, 1.02 11.59 18.54 1.60 ++ ++ ++ ++ ++ +-
PI-II, 0.68 5.25 7.88 1.50 ++ ++ ++ +- +- -
PI-I, 1.21 19.50 27.28 1.40 ++ ++ ++ ++ ++ +-
PI-IL, 0.89 7.55 13.67 1.81 ++ ++ ++ +- +- -
PI-I, 1.13 16.44 25.16 1.53 ++ ++ ++ ++ ++ +-
PI-II, 0.81 6.40 11.90 1.86 ++ ++ ++ +- - -

VE RIS B PUDMAC ¥ R FE 9 0.5 g/dLDAE 25 CREAT A s PDI 2 43 #4844, PDI=M, /M, s “++7 R R SE 2V -7

Ry AR =" R AR -
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Fig.3 XRD spectra of PI resins
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Table 3 Thermal and dielectric properties of PI films

e T, Ty Ty, Ru,  CTE b ’

/cC /C % /(x10°KY) F f
PI-I, 2852 549.7 6028 557 650  2.72 0.0082
PI-I, 362.5 507.8 6022  50.1 371 3.00 0.0067
PI-I, 2549 5446 5846  56.5 67.8  2.84 0.006 1

PI-II, 310.0 535.2 560.5 53.4 42.7 3.05 0.008 2
PI-I, 2583 520.5 5480 512 60.8 2.75 0.0059

PI-II, 3074 4874 5149 587 48.1 3.02 0.0062
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Fig.7 DSC curves of PI films
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Tab. 4 Optical properties of PI films
it Jreu/NM T/ % N oy n, An L* a* b* FIEI%
PI-I, 351 86.7 1.5522 1.537'1 1.547 2 0.0151 96.15 -1.20 3.31 0.22
PI-II, 369 83.9 1.577 6 1.526 2 1.560 7 0.0514 95.75 -1.06 3.36 0.08
PI-I, 347 84.5 1.563 4 1.549 8 1.5589 0.013 6 95.90 -1.65 4.51 0.36
PI-II, 368 84.2 1.5877 1.539 8 1.5719 0.0479 95.47 -2.02 5.64 1.28
PI-I, 369 78.5 1.601 4 1.590 2 1.5977 0.0112 95.42 -4.63 10.96 0.47
PI-II, 379 73.9 1.624 9 1.5799 1.6100 0.0450 94.87 -5.78 14.54 1.35
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