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Abstract: At First, a poly(amic acid) (PAA) based on pyromellitic dianhydride (PMDA) and 4, 4'-oxydianiline
(ODA) was prepared by polycondensation procedure, and the PAA/SiO, composite solutions were obtained by
adding different mass fraction of colloidal SiO,/N,N-dimethylacetamide (DMAc) during the polymerization. Then
a series of PI/SiO, composite films were prepared by thermal imidization of the PAA/SiO, composite solutions in a
clean oven from room temperature to 350°C in nitrogen. The PI composite films were characterized by the
attenuated total reflectance Fourier transform infrared (ATR-FTIR), scanning electron microscopy (SEM), thermal-
gravimetric analysis (TGA), dynamic mechanical analysis (DMA), and thermo-mechanical analysis (TMA), and
the effect of SiO, on the dielectric properties of composite film was tested by the impedance analysis measurement.

The results show that the composite films with expected structure are prepared, and the SiO, disperses in PI matrix
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uniformly. The incorporation of SiO, improves the heat resistance and dimensional stability at high temperature of
the PI composite films. The 5% weight loss temperature (7,,) and 750°C residual weight ratio (R,,,) of the PI-25
film with 25% of SiO, are 611.3°C and 73.1%, respectively, which are 14.7°C and 9.2% higher than those of the PI-

0 film (without silica). The PI composite films exhibit stable dielectric constant (D,) and dielectric loss factor (D,)

in the frequency range of 10°~10° Hz. The incorporation of nano-silica slightly increases the D, of composite films,
and the D, of the PI-25 film at 1 MHz is 3.58, which is a bit higher than that of the PI-0 film (D, is 3.20).

Key words: polyimide film; colloidal silica; dielectric properties; thermal properties; compatibility
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Tab.1 Optical properties of colloidal silica/DMAc

dispersion and PI films
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/nm /% /%
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PI-10 458 19.1 7665 1.19 9020 6527
PI-20 464 175 6686 1022 91.30 63.80
PI-25 466  13.6 6658 9.63 89.63 68.25
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Fig.8 TMA plots of PI films
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Tab.2 Thermal properties of PI films

T T. T R T CTEI CTE2

1:%%‘55 g 5% 10% w750 max
/C/C/C % IC (x10°K) (x109K")

PI-0 384 597 613 64 626 39.0 103.0
PI-5 389 603 618 66 629 36.7 64.9
PI-10 389 610 625 68 632 39.2 41.5
PI-20 403 608 623 72 628 40.0 27.8
PI-25 416 611 627 73 631 40.9 28.9
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Fig.9 Dielectric spectra of PI films
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Tab.3 Dielectric properties of PI films
PR HLBH 2 D, D, D, D,

e [(x10 Q-cm)  (10°Hz) (10°Hz) (10°Hz) (10°Hz)
PI-0 75.4 3.26 3.20 0.002  0.006
PI-5 28.9 3.40 3.36 0.002  0.004
PI-10 18.1 3.37 3.33 0.002  0.004
PI-20 5.0 345 3.42 0.002  0.004
PI-25 6.5 3.63 3.58 0.003 0.005
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