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A Study on the Environmental Properties of Polyimide/Silica
Composites Prepared by Sol-Gel Method
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Two types of polyimide/silica composite films were prepared using sol-gel method through hydrolysis and
polycondensation of tetraethoxysilane (TEOS) with the polyamic acid (PAA) and end-capped PAA solution.
Samples were characterized by the means of differential thermogravimetry, X-ray diffractometry, scanning
electron microscopy, universal test, impedance analyzer, chemical resistance test, ctc. All of the PAA/silanol
solutions heat-treated at 300°C for 6h were transformed to polyimide/silica composites. It has been demonstrated
that the properties of polyimide/silica composites were affected by the amount of silica addition and the bond
type existed between polyimide and silica.
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Table 1. Conditions for Preparation of Pl/silica Hybrid

Materials
Chermical input
Silica
Samples  PAA PAA/APTES TEOS HO (wog)
(im) (ral) (ml)  (ml)
P-Pl/silica 0 27 0 0 0
P DP-Plsilica 10 27 1 05 10
series P-Plisilica 20 27 - 3 15 2
P-Plsilica 30 27 - 5 25 X
C-PVsilica 0 - 7 0 0 0
¢ C-Plsilica 10 - 2 1 05 10
series C-Pl/silica 20 - 7 315 2
C-Plsilica 30 - 27 5 5 X

* wt% of Silica was calculated from amount of TEOS
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Fig. 1. TG curves of (a) physically bonded Pl/silica and (b) chemically bonded Pl/silica samples,
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Fig. 2. Tensile strength of Pl/silica samples as a
function of silica content.
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Table 2. Chemical resistance of FPl/silica samples

Sample Physical bonding Chemicl bonding
PI/Silical{wt9%) PI/Silica(wt%)
L ® Solvent 0 10 20 30 0 10 2 30
—m— PPUsilica HSO/IM| 0o © 0 @ © 0 @ 0
L —&— C-Pl/silica H504 3M O © 0 6 o 60 © 0
NaOHIM | © © © @ 0 © © 0
NaOH3M | & & & © & & & 0
i © ! insoluble, A: soluble or swelling
L ]
5 /' Table 3. Water resistance of PI/silica samples
" / ample Physical honding  Chemical bonding
- P/silica(wt%) Pl/silica(wt%)
B ._-_-—-_-_-—- L
, , , , , , , Condition 0 10 20 30 0 10 20 30
Q 5 10 15 20 25 ao Water
Silica(wt%) Absorption | 15 16 17 12 13 13 12 12
Fig. 3. Dielectric constant of Pl/silica samples in (%)
1MHz.
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