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ABSTRACT

Polyimide/silica(Pl/silica) hybrid materials having physical or chemical bonds between the PI and silici network were prepared
using sol-gel process through hydrolysis and polycondensation of tetraethoxysilane with the Polyamic Acid(PAA) or end-capped PAA
solution. PAA solution was synthesized by ring opening reaction of pyromellitic dianhydride dhd oxydianiline monomers in dimethy!
acetamide solution. End-capped PAA solution was synthesized by the addition of 3-aminopropyltriethoxysilane in PAA solution. PY/
silica hybrid samples were characterized by infrared spectroscopy, differential thermogravimetry, X-ray diffractometry, scanning
electron microscopy, and tensile tester. It has been demonstrated that the properties of hybrid samples were affected by the silica
content and the bond type between PI and silica.
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Table 1. Conditions for Preparation of Pl/silica Hybrid Materials
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Fig. 1. Synthetic flow chart of preparation for two different PI/
silica hybrid films.

Sample PAA (ml)  PAA with APTES (ml) TEOS (ml)  H,0 (ml)  Silica (wi%)

P-PIsilica 0 27 _ 0 0 0

, P-Plsilica 10 27 - 1 0.5 10

P series P-PIsilica 20 27 - 3 L5 20
P-Plsilica 30 27 - 5 25 30

C-Plsilica 0 - 27 0 0 0

. C-Plsilica 10 - 27 1 0.5 10

© serics C-Plsilica 20 - 27 3 15 20
C-Plsilica 30 - 27 5 25 30
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Fig. 2. Variation of viscosity of PAA/silanol solution as a
function of silica content.

gk, I 79 Plsilica EAA AlHES 1000°C7HA] 52
A B Ge AFEL silica® F1HJTH Fojz 28
< AHEYE, PI G5 AJH vl8) silica’t FHE F 2
9] Plsilica &3 Al HEY] 27] Bl oF 5~20°C
A7t 53, 30wt% FFo] #AiHe Bz e o
o2 oF 5~50°C AX7t &3, 9F 550°C ol oA &
AI7He AEs] XA 8, BHE FE g3ty o
2 ZEH Plsilica NHE 7+ $F ZAdM s EgE
Zpolde] YRR, oF 550°C o) oA EelA ) s 3}t
Aoz AgE ANHENA TF st AuHez 41,
silica®] 3Hro] S7VEFE FH AU HoARe A
< 93] et ol g8 B Hw uiel 7o)
7t AEE silicaZ @u|go} Plo] R ukgo] X9y
A, PI 71A] Yol S8 silica’t WE EAEL Z7HA
A7 gEolata Alggyt?

33.XRD X FT-R &4

300°CollA 6A17F B9t EA2isle) A% T FF/e PU
silica 443 BEE2] XRD ¥4% 23, E8)3
Ao g A= A= FHASA RE AHE
B R EAste Aoz AT T, o5 B}
TZ2F ¥|2E] Y8 FI-IR 493 23} o]E9) FI-R
MEE Fig 40 YehiIth Fold 29 et F &
79 Plisiica EEAA A|HEC FIHIR ZA4E Adud,
721 em™(C=O bend), 1378cm™(C-N stretch), 1725cm’™"
(C=O symmetric stretch), 1778 cm (C=O asymmetric stretch)
oA PIo| EAst U] Falo] & Jehdo E3,
silica7} € F 2579 Plisilica EA4A A1HEY FI-
R AL 4HEH 850 cm (Si-O-Si symmetrical) 2

#1393 Al 11 3(2002)



1066 S - od - A -
0
(a)
!
-20F
9
2 -40f
o}
[%2
2 L -,
= ¥,
£ sl P-Pi/silica 0 Y
%) 80 P-Pl/silica 10
- P-Pl/silica 20
- P-Pl/silica 30
-80f
100 — - : ;
0 200 400 600 800 1000
0
b)
201
2 aof
72}
[72]
_Q L
E .
% -SOT —_— P-Plls!lfcao
2 P-Pl/silica 10
- P-Pl/silica 20
——- P-Pl/silica 30
80t
100 ! e J
0 200 400 600 800 1000
Temp. (C)

Fig. 3. TG curves of (a) physically bonded PUsilica and
(b) chemically bonded Pl/silica hybrid samples.
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Fig. 4. FT-IR spectra of (a) physically and (b) chemically
bonded PI/silica hybrid samples.
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Fig. 5. SEM micrographs of fracture surfaces of (a) P-Pl/silica
20 and (b) C-Pl/silica 20 hybrid films.
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Fig. 6. Tensile strength of Pl/silica hybrid samples as a
function of silica content.
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Fig. 7. Elongation of PUsilica hybrid samples as a function of
silica content.
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