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2,4, 4- NI T )72V —TANLDORAIBICT I ) EEZETEIRI T
FEEZ AW NV —FNIEICLBARVA I F—2 V) hESEO/ERL

(ZIWKT)  OFEHE - REFAIK

[2Z25]

New polyimide-silica hybrid materials were prepared using the polyamic acid
synthesized by copolymerization of 3,3’,4,4’-benzophenonetetracarboxylic
dianhydride = (BTDA), 4,4-oxydianiline (4,4°-ODA) and triamine, 2.4,
4-triaminodiphenyl ether (BTDA: 4,4-ODA: riamine =10:9:1 in the molar).
3-(triethoxysilyl)propyl succinic anhydride(TESSA) was reacted with the amino
group in the polyamic acid to introduce triethoxysilyl group which was connection
site with the silica. The polyimide-silica hybrid films were prepared by sol-gel
reaction of tetraethoxysilane (TEOS) in the polyamic acid solution, followed by
thermal imidation. Self-standing and transparent films were obtained up to 30wt%
of silica. The dynamic-mechanical analysis was carried out to examine the
properties of hybrid films.

[BENIBICT PPV VEZAETHRY T I RBEBOBKETTT h I b v
> (TEOS) DY IV—F IS EITV, RY A I RET U BIMEFEREE TR ODWe v
U AN ED =T LT EEMBIPMER ST 5[1-2), 4 [E], Triamine TH 5 2, 4,
4 -pUT )V T x=)Lbm—T )b, 44 -ODA, BTDA SO MIHICT R/ H%
HTHRVT7IRBIZ G- NU=hFv v U L) e kansii (TESSA) #
TEAREHE, PV R UAEAEAL, RUA I RETUIMEFERE LTEHER
EERLTZ

FUT Iy, 2,04, 4 -RUTI )07 2= —FT D207 I EODBOP
ERWDT X FEORGHEIX 4, 4 A7 2 70 HIKL, VHIVRUVERE DES
TN T 2 7 2 AT HHEENMENRY 73 RREOND EHRESNTWS[3],

[3288] 0.45g (2.25 mmol) ® 4,4-ODA & 0.054 g (0.25 mmol) @ Triamine ® NM
P& 10 ml (221R T 0.806 g (2.5 mmol) ® BTDA # /%, 6L, HBbh
7= Polyamic acid ¥A#%1Z 0. 076 g (0.25 mmol) ® TESSA Z# /W z, 1Wf#@EILZ, &5
(2 1.12 g (5.38 mmol) TEOS & 0.39 g D/KZMZ, EIRTI1HFBEHEL, -7V
NEFRY T I RBIERE ST, 2OV BERRY T I NBIEREZE T 7 AR EICx v
A NUTE, B LUCTRY 7 REEZ 4 VAL LT FC 100 °CT 1K, 200 ‘CT1
BEfE], 300 ‘CT1RFMBVLE T L2k, RUAI K- VU BEEEKRT VL (v
U BERER20 wth) w1,

[F55 & Z22] Triamine 2 AW T, IEHICT X ) KA2HT AR T Va5 LT,

BREIZ L DT b E B < T2, 72 ) ORIGHENRIR D IERNR2 N 7 2 &2 H W=,
4, ALMERIIICB TD A & OEAMISIIEDIL, F k35 Z 372, 20T
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2 BB - 72 £ B 2 5315 Polyamic acid & 5 K95 Z & 23T 72 (Scheme 1),
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Scheme 1. Preparation of polyamic acid from triamine.

5 5 7= Polyamic acid D NM P A% TESSA Z/EFI L, v U I L OfEE R ERD b
U hF v U VEEEANL, TEOS, KEMz, H—IledETRIEELEEL, T7 A
WMEZFy AL, BULEELC, AU A I F—2 U BEEK (PIS-10~30) Z{ERL L7

(Scheme 2), b#eD7=H, TESSAZHAWRLWTIY YU BEHFEN2 0w t %DES
& (PI1S-20°) HERL 7=,
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Scheme 2. Preparation of polyimide-silica hybrid material by sol-gel process.
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Table. Preparation of polyimide-silica hybrid films.

Code Polyamic = TESSA/g  TEOS/g HxO/ g Silica */ Remarks °

acid ¥/ g (mol) (mol) wt%

PIS-0 11.3 0.076 0 0.1 0 T
(0.25)

PIS-10 11.3 0.076 0.5 0.17 10 T
(0.25)

PIS-20 11.3 0.076 1.12 0.39 20 T
(0.25)

PIS-30 11.3 0.076 1.92 0.66 30 T
(0.25)

PIS-20° 11.3 0 1.12 0.39 20 @)

a) 4 wt% NMP solution. b) Calculated silica content in the hybrid films. C) T: Transparent,
O: Opaque.

Table (ZHEEIKR T 4 VW LAOERGER ZRT, VU B EFHE 30wt%(PIS-30)FE TiEHH T
Y7o 7 4 A UTERIT D Z ERTE T,

Figure. 1 (Z# AR T ¢ /L 4 PIS-20 & PIS-20° D> SEM HH. %2 /13, ¥ U BRi£D
EAL PIS-200TIEA) 1 um, PIS-20 TIEAK) 0.5 m & TESSA Z W havha<, &
VA I RETY IOMIAEFREA DB L TWD Z & DRI T,

Figure 1. SEM photograph of the hybrid films PIS-20 and PIS-20’.

Figure. 2 (AR T 4 L L OBHPRBEMERMEZ 7R3, AU A I R & U ORI LT
FEADFEE LRWEAIR 7 4 L4 PIS-200TlE Tand B —27 THHEAKRT ORY 1 2
RDOH T AUFEIEE (Tg) 12285 CTHDLIDIIKL, FL VU AEHHED PIS-20 Tl
300 CEEL, AU A I ROBGEBNMHI SN TEY, RV A I R U DTORIZET
FEADRENTND Z L 2HERT L2 ENTE L, VY BEERENHMT 51250
T, BAERFORY A I RO Tg DfE, Tglh ETORFEHMEROMITE HIZHML T,
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Code Tan 6 peak temperature
(C)
PIS-0 280
.............. PIS-10 290
........................... PIS-20 300
————— PIS-30 325
PR PIS-20° 285

Figure 2. Dynamic mechanical behaviors of the hybrid films.

[FEam] 7 2/ OISR R DIERIFRZ2 R 7 I 2, JIgHic T 2 2 e H/ T
LR T RgEAKL, TO7I /78I B- RV hFv v UL) Foe ko
NIBEEREE, NV hFXU v UAEEZEAL, 77 bR T DY -
FUEIZEY, RUA I RETU B EDORIALERE DR LB a2 E L=, &
FETE, RUVAIREVY IOMICKIGR 2D M2 U VA SRR A A
T T BT HIERSBATLHIENTE,
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