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B 1 RRER-BER (sol-ge ) HiEH & BBV K/ _HkHEE S e 83 . 4% DDE
E#T DMAc B, IR 30 min, A PMDA ZFLEH K 1Y 16 h, #78 PAA /7 DMAc
IEH FERERMD, A 10 g & 10 wi1% PAA B DMAc B, —E 8 TEOS MKk, &
ZERHE 6 h RIIH . B R R, TR b WL, RIS BE B 8 PL/SIO, A HL-
THLE &b e

[ PMDA + DDE 0t [ pax surring PAA/SIO,
in DMAe in DMAc in DMAc
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Fig.1 Preparation of PI/Si(}, narocomposite by sol/gel process

| PI/Si(), Film

1.3 PERERIR

A & . B BRUKER ISFLI3V B FT-IR J6i& 13, M E B sol gel ik & PI/
SIO, R A KM B HAR A k.

LT IR . A Perkin Elmer TGA7 BB E 70, FHEZE R 10T /min, S EE T
A S P E Pl PY/SIO, 5 EE.

ME I E 2. A Perkin-Elmer DMA7 BIEE 447 (UM E PI # PI/SiO, 8h & 122
i B, AR 10Hz, FHBEZE 5T /mim.

LR VR B BB . B Perkin-Elmer TMS-2 BUHLEE 5878, FHR# R 10C /min.

I F7-FiAE M52 - B Instron-8500 FL AHLA IR FMIE PI/SIO, A2 3G
B, hi (& 5 50 mm/min.

FEEMNE - FHEEREBE2520.5C TMERERMEE.
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DMAC W, IFHOE R LM 8. 2 TG 5k 5 DMAc 8 PAA/SIO, B R HomuAR . K
FHERGOOT ) LA LLES SO, F /BT 10 witk R 4 R%E A, 15 I:.fl]EJEE?E
btk £ T HAES SO, MERERRR AT T AR K8 ER. BF Pl S SO,
KT YEAE EOF R ITAL, BB, SIO, /MF 10 wi% PI/SIO, Z FiLIEBEHTF SO, & F R0
TR WEBH 10 wi%3 SHEABMBEMTHEENE SO, 8 FR+T40.1~0.2
pim, FTE KN 21 wi%d BHERHEEH SO, B TFRTH1~2 pm.
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Table 1 The recipe of preparation of polyimide/silica composites films

Entry PAA" H.O TEOS Silica® Remarks*
(g) {ml) (m{} {wi%)
1 j31] 1.0 0 0 T
2 10 1.0 0.2 5 T
3 10 1.0 0.4 10 T
4 10 1o 1.0 21 O
3 16 1.9 2.0 35 0
6 10 1.0 3.0 45 Q

a. 10 wt% DMAc solution:  b. Calculated Si(): content in the compasite film: ¢ T, transparent; ), opague

2.2 RERRSIEHERZEKESEYWHER(PAA/SIO,) ERELEER FTIR 417

B2 &4 SR (T SO, 21wt % ) T Kk
AT (a)f 300C H4EFR 3 h WAL K (b) #8 &
W E LS E. A S U E S, &
PAA ¥/ % P8, ZELL SR IEFEE K 1650 1650
em b B R R B AR TR MO0 69 B8 K, 7 1725
em YH0 1778 e Yok o bt Y TV B B A TR i s
By B, HOEE AL RO, TR
4. SO0 15 1092 om™ 41 830 om bt | @ N
VEFFR Si—O ey Ry, HXFF S—0 & 1092
REREEHEEDH SO, LHAR. XEE, &
TR SHHEMLIEER 7 —PREEER {
MESHKR. R &30
2.3 PI/SIO, EEMENTE

MAHFEEHREN FENE AR f b
FH PI/SIO, B AT B, N 3 BRI
THAEE T EAE N BN EE S8
Mg &R S I EN ~Eibr®
BA1.657 g-em ’ hF R HBBEEF Fig. 2 FTIR specira of palyimide/silica sample 4
(2.22g:em™) REATEER ZEHIEN  (conining siicx 21 wi%)
B -EBENEIESBEPEERIL AN ER, (a)before heating; (h)after heating at 300°C for 3h
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Fig. 3 Effect of Si{); content on densitv of polyimide/sili- Fig.4 Rclationship between thermal expansion cosffi-

ca hybnd films ciency ( TEC) and coment of silica in polvimide-silica

films
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Fig.5 TG corves of Polyimide/silica hybrid films at a

B ARRN R ARSI EREMELES
HEMEREEE, B tend R IRLE NI HEE L
ETEA(T)YER TR 29 R LS
BAE 10 wi% IFHEER T, 5 PLAE, BERRT 10 wi% i SiO, THAKM PIH T,
RN RE R Fl Si0;, KF 10 we% FEHR Ay A0. ‘

heating rate of 10T min~*in air. {1}.(3) and {6): paly-

imide films containing 0, 10 and 45wt% of silica

Tahle 2 Thermal properties of palyimide-silica hybrid films
Eurry Silica” T: Ash Ti M T, TEC
{(wi%) {C) (%) {T) ( % GPa) {(C) {(x10 'K
1 0 653 I.01 659 .50 402 1.3
2 5 60 5.09 667 1.20 403 2.3
3 10 689 10.02 676 1.72 407 2.3
4 21 — _— B 1.75 423 1.7
[ 45 [ 45. 06 607 — — 2.0

a. Calculated silica content in hybrd films:

Residual ash at 800T ;

k. Decomposition temperature determined by TG in air( enset point): oo

d. Decomnposition temperature determined by TG in N, ( onset point)
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Fig.6 DMA curves of polyimide/silica films. 1.2.3 and +: polyimide fiims

contatining #.5.10 and 21 wt% of silica
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Fig.8 Relations of tensile strength and elongation at break

Fig.7 Relation of modulus with silica content with content of silica in polyimide/silica hybrid films

o7 EGEEES - EhBSENER GEFTUES, BIRERMEE A LiEd
SR T, 1 SRS (R ZE )M E X 2.2 GPa, 6 SHER( “EILET &
45 wt%) K E 4 4.4 GPa, BB B EHIN. 8 RRES AP HREMB MRS _HItHE
SRMLE, EHE SRS BRI, FRRIIL, RS TR, A RIE ST RN
10wt % H1 30wt % A 4765 e (, AT Ak B 4R —FULREROR X PI/SIO, &M EH
SRk EE AN PI R AR A MBI EOR.
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STUDY ON POLYIMIDE/SILICA NANOCOMPOSITE FILMS

CHEN Yan, WANG Xinyu, GAO Zongming, ZHU Xiaoguang, QI Zongneng
(Institute of Chemistry, Academia Sinice, Betjing 100080)

CHOY C. L.
(Department of Applied Physics, Hong Kong Polytechnic University, Hong Kong )

Abstract In order to improve the thermal stability and mechanical behavior of polyimide, a
series of polyimide/silica composite films with different silica content up to 45 wt% were
successfully prepared by sol-gel reaction of tetraethoxysiliane in the presence of polyamic
acid, a precursor of polyimide. The films with silica content less than 10 wt% were yellow
and transparent, whereas the films with silica content higher than 10 wt% were yellow and
opaque. The structure and physical properties were studied by FT-IR, TGA, DMA, TEC,
stress-strain analysis and SEM. The results indicated that these polyimide/silica composite
materials were nanccomposite materials. The density, decomposition temperature and
modulus increased with increasing silica content, and the linear thermal expansion coefficient
of the silica in the composite films decreased, whereas tensile strength and elongation at
break have maxium with the change of silicate content.

Key words Polyimide/Silicate, Scl-gel, Nanocomposite



