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& ¢ : Oxydianilineol| #}#F9] pyromellitic dianhydrideE ¥Hg-A)# anhydride terminated poly
(amic acid)& AzF F, WA ol BE7IE Ad 4HF 7lmxA  3-aminopropyl
methyldiethoxysilane® 8718}e] poly(amic acid)E A& o] AT 7udg FA3
propylmethyldiethoxysilane endcapped poly (amic acid)& ¥4I}, tetraethoxysilaned &
2 715l sol-geldh2 & REd F 43 modulus®t FHAE A 7twdE F29 poly-
imide-silica hybrid Z2& 45}t TGAAQ 10 % Esiexi= A7l garo] Z7}dte)
w2l 595~602C 2 Z715t%ict. SEMEAE £l polyimide-silica hybrid P8} Aa]7} gako)
10 wi% QU FEE BEYL BAT S AT

Abstract : Anhydride terminated poly(amic acid) were prepared by the reaction of
oxydianiline and excess pyromellitic dianhydride and then propylmethyldiethoxysilane
endcapped poly(amic acid) that crosslinkable silanol group in chain end of the poly(amic
acid), were synthesized by adding of 3-aminopropyl diethoxysilane to the poly(amic acid).
Subsequently novel polyimide-silica hybrid film were prepared by adding tetraethoxysilane
and distilled water to the silane endcapped poly(amic acid) via the sol-gel reaction. The
hybrid film had high 10% weight loss temperature in the range of 595~602°C. From the evi-
dence of scanning electron microscope (SEM), the hybrid films were transparent up to 40 wt
% of their silica content.

Keywords . sol-gel process, polyimide-silica, hybrid, film.

N & ze) AW AEHE FOE skl Aol 1
W@gel Sasich w3, At Waksty ol

Aromatic polyimide (PDE £2H419 Z24,  $& d94S /B0 958 /1A% 54 2 571
TN, 2T H02T 2 demine KEAS  F BHL AAD Yo} A, AT, FFLFL
dianhydride $EAIZE) MALFOR QG 22 @ Fol ASHT UTkI? S8 e AAFHY

Folof #1979 6% 1995 119 753



H 48 microelectronics Ao} YR E dl= A
ANZA AFEEHY silicon wafer 9}o] X34, d3
4 2 E64 59 NYeE B 9 0UE A
AAZA wole}, FEA AT 2A
o] AF MFR M2 L 7HF7Ie NEe] €A
o] M FuiElx Qltht mebA o3 2FE
HEA)7)7] sl BUAA, Wakskg, A7) "A
Sl ottty deid -Si0- S Pl =
A7) A} she Bilo] FuiE L Qlck.s8

H2)7he -Si0,-9) BT} PRz 3
4 A%ez Pldke) B¥4n) A BA=
U Itz oF oz go] o] &x1 )
Th8I0 B3] wRlEe BHo) Teslel, 7] 1R
s geiiel WA A H2A 52 2
ZAY FIAZA o] & oy, /7] &zt
o gk Hg7te] @& A&AuE %i}ﬁ:zﬂbl-l-f]
Azl7rel gHgol 10 wt% S W7I7F ojEger,
e U
IS AxsPI7t ofdthe 23S 7 UrtS
e ol 2P| Slsiel 2 AToldE Plo
Ag)7pte gsty 7luEddFERE 2= hybridg
Weel) S gy ol W71 g A A 7
WA E o] &3] E-A BHE Al ¥, Plet A
7i7b g3ty vtuddTFxg ol  Pl-silica
hybrid filme] A7 EAol Bt HES IR}
s,

o

@ ox

2 ¥

Al B A, 29 pyromellitic dianhy-
dride (Aldrich Chemical Co., 97 % ; PMDA)=
acetic anhydrideol|A] AZAAF F, 70 CollAM 2
A7 ARSI AFL38}9 1,  oxydianiline
(Janssen  Chemical Co., 98 % ; ODA)=
tetrahydrofuran (THF)ol|A AZAA% &, 70 C
ofl A 147 ZAdAxsl AT §rlEAls
N, N-dimethylacetamide (Junsei Chemical Co.,
99 % ; DMAc)Z calcium hydride® . €5A]#

754

AAEF{F &, 3 A molecular sieveoilA] B33}
o] A2ttt 28 2 3-aminopropylmethyldi-
ethoxysilane (Fluka Chemika Co., 98 % ;
APMDS), tetraethoxysilane (Fluka Chemika
Co., 98 % ; TEOS)& *l%“a‘é adE ARG
1, waterys ZxTA %2432 (Kolon Engineering
Co ol T34 A& }%3}9\?\13}-

F %

Propylmethyldiethoxysilane Endcapped Poly
(amic acid) (PAA)9] 3% 2 9182 RbgA 9
dY48E FA D Hhg Ren|7te) whgAo] &4
& fgte] &4 FPPTE ARSI BHEA] B
o] FEs 7] 79 v ST gel of-
fectol] &gt & #stE Wx|%8}7] 9J3lo] grjjo
tjale] 10wt%ol T2 ¥R F3ich. HA
ODAE A4 917104 €42]17]1 DMAcs &7
WHHAA ks &A1zl &, HEke] PMDAE

T A2 Bstel A HHAZE Bt F et
2oio] HAARIH Q! anbydride 7]%7]E A
anhydride terminated poly(amic acid)& @415}
o

P

r°" _Yl

PAA Ale 29& BX3t7] A3t 7t
He APMDS-J G2 A4 PAAE o|3AH
(polydispersity=1)2 7}g3ste] Lt Ae7]9
molg=ol] &3+ 22]9] 24 mol4(diamined)] )3t
0.02mol%) & FYstden, 1AIZE 59 mukA|
# anhydride terminated PAAS] 2SS 4

Z 5X3 propylmethydiethoxysilane end-
capped PAAE A 235t sol-gel HHS-S Sl A
A A7t 88t TR E YA %
macromonomer 2 ARG}

Z-7AYel &3 PAA-Silanol Hybrid Pre-
polymer®) $4 | 24 E 917381l 4] propylmethyl-
diethoxysilane endcapped PAAo] 38
TEOSE Hr}star #LshAl adtst &, 72l g
A FAZFY FRTE FTYst A4 641X
F<F wksle] PAA-silanol hybrid prepolymer&

FAHAT. 371014 sol-gel W) BH}E 9

[

Polymer(Korea) Vol. 19, No. 6, November 1995



E-AYol 23] 7§23 H Polyimide-Silica Hybrid 2 &9] Az 2 B4 A3

3+ At&ufo] H7l= propylmethyldiethoxysilane
PAA®] pH7} 452 ZA =] 832 z}5Zulit
$& FE3IEE HUlekA]| Ut

-7 9% PI-Silica Hybrid Polymer ¥&
2 Az 9o AHE FHAE ol casting
st} 4GS FAZ £XF F, 50 °C ovenolA
12A17F 1A% 3}y PA A-silanol hybrid film& Az
Tt ol & AV RN $2&5 28T/
min®E 270CA 124 T A5
endcapped PAA2] imidization @ silanol group
o 4, F&T WSS Tualel PluT A7)
7} 318+ 7taZA{S o] Pl-silica hybrid 2 &
S Al z8tgrt. Pl-silica hybrid 228 g43 2
Z& Fig. 1o JepRITH

AANEH. A9 FREAHS 23 MG
A8 Perkin-Elmer Co., System 2000 FT-IR&
AMgERTH IREEE AEE 75 e 3
AAA OREg Z2xtiE AAS & 50°CelA] 64
7 7t 7Az38te] DMAcol 0.5g/dLe] =52 &
#AIZ] & 30 ‘CollA Ostwardt ViscometerE Ab
B3l FAslgrt. Pl-silica hybrid Z&9] ¢
ABE AR S SRV (TGAYE A
23k5it}. olul TGA (DuPont 990)8] 272 %
245 10 C/minZ2 A 2 37 N1FIA &
AHalHch SEA £ i Fel 4" vt gAY
AATFZE Jstrl 9l X43FHE 24 (Rigaku
Co., ; XRD)& AAst%
Z3& 317 98l s AR A7) (Zwick Co.,
Model 1435 ; UTM) & A}E-5le] & 4.5 mm, 20|
2245 mmZ EAWdted 100 mm/ming] QIAET 2
gAle) QAR E 2 AEES ST Al
#ol FAE 0.2~04mm HAGH. FIHUL
Ay F7lol whg Ayjrt Yzre] SiHE ¢
A71E ZARE] #sted FARERHERA (Leica
Co., 2000 ; SEM)& o] &35t 8xu] Sufiste]

235

Folo #1979 A6z 19959 11

Propylmethyldiethoxysilane Endcapped
PAAS §4 wg 2l 48 7lwAe)l APMDS
9] 8k2A olgl Z27]9} anhydride terminated
PAA & 29} anhydride carbonyl &-27)%}
9] w2 Zl, DMAcE gumjg 3loy PMDA 1
mol®} APMDS 2 mol& H7lste] AL, 24 B
1718kl A 241 REGAIZ) &, 40 diekgel |
oJred amic acldE AEAIZTE 60 CTAA 74
AF Az the, 7§ samplingsto] A4
718t 270 CollA TAITE A3HAIA o)rE f &
Ut o] &S 247 FT-IR4 ofa &lgh Ax
Fig. 20 YehAgict. PMDAS] 7%= 1,771cm
ol PMDA 1179} anhydride carbonyl (C=0)
FTlEs I F AL, amic acid®] FeE
F AzRA Qo 95} 1,720 cm el A] imide car-
bonyl (C=0) &7} Verd=]w, 1,771cm ol
o] PMDA 1159 anhydride carbonyl (C=0)
Ete E9J51 amide carbonyl(C=0) &+
o7k 1,629 cm 1ol A ERIFEGIL. olu = fiA Q]
A9 = cyclodehydratione] ol&] 1,774 cm™' &}
1,720 em1e A Iimide carbonyl (C=0) &Fti7}
AZHA] 1,629 cm 9 amide carbonyl (C=0)
Tt AAREE ¢ & Ut 2 v
1,260 cmtollA] APMDS9] Si-CH; §5tiE &3

= A
¥ & 9o,

PAA-Silanol Hybrid Prepolymers #4

2 BE Az,

FT-IRel % FEAL] += ¥4 | FFANHY
silanol group &4Jo] W2 PAAAF HE9 FT-IR
~¥WEY FFTUE Fig. 3o JeRNTH Alg5L
1,660 cm 1ol 4} PAA9] amide carbonyl (C=0)
stretching vibration ¥swel Si-OHe] O-H
stetching vibration EF+thE 3,400~2,500 cm!
oA &elgt 4~ o] o]5o] PAA-silanol hybrid
prepolymerg] & ¢ + Uit

Ostwardt Viscometerel 9% ZHHE &3

2 [Hr
te we o N

(
—

755



°of & 8-4 5 4-4 3 A

Polyaddition 25C ( N2
dhr | DMAC

/9 8 ‘(
% I/Oj‘(‘ N(OM o 'L

Siloxane tunctional group
Endcapping thr

e

NH:{CHe} St 0(C:Hy)
O(Ql'lc)

\i APMDS

CH» Q
(CH; I(C;Hb)N COH P

HO Q
Ghs A - NC@C OH s
HOSA\/SN(—\ )0{0 HOG™SCN(CH) i

rf’rnpvlmclhyldicll’nny alane endeapped PA /\]

>

Hydrolysis Gt

6hr |+H.0 + (C:H)08+0(C:Hy)

(C:Hs)
TCOS}

O
~_COH + HOSi-OH
O CH: OH
Al HOC H((‘zH«)SrOH

60('1 -HO

NL (‘OH

el O Cth OH
HOS ~ \l [{e)] §|0 bIO ~

0H OH

CH p
HOSi(CsHe)
HO A

QC
‘o

<

HO  CHi
wr 08 0 8i (CHe)
HO HO

/\

imidization

and polycondensation

270C
3hr

‘H20

s

é) Cibs

4

I 0 3

3

Fig. 1. Synthetic scheme of Pl-silica hybrid film.
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Fig. 4. Influence of reaction time on inherent viscos-
ity of PAA in DMAc.
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Fig. 3. FT-IR scheme of PAA-silanol hybrid

prepolymer film ; (a) silica 0 wt%, (b) silica 0.4 wt
%, (c) silica 8.5 wt%, (d) silica 30wt %, and (e)
silica 40 wt%.
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Viscosity and Transparence Change According to
Silica Content

Silica Inherent Transparency
Content(wt%) Viscosity (dL/f)  (PI-Silica hybrid film)
0.0 1.247 Transparent
04 1.272 Transparent
85 1.227 Transparent
13.0 1.022 Transparent
15.0 0917 Transparent
20.0 0.901 Transparent
25.0 0.84 Transparent
30.0 0.829 Transparent
40.0 0.811 Transparent
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Fig. 5. FT-IR scheme of Pl-silica hybrid film ; (a)
silica 0 wt%, (b) silica 0.4 wt%, (c) silica 8.5 wt%,
(d) silica 30 wt%, and (e) silica 40 wt%.
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Table 2. Thermal Stability of PI-Silica Hybrid Film with Various Silica Content

Silica Initial

Decomposition
Content (wt%) B

Loss Temperature

10 wt% Weight Weight of

Residue at 800°C

Temperature
Air (C) N2(°C) Air (C) Nz(C) Air (wt%) Na(wt%)
0.4 490 530 592.9 595 6.9 54.0
13.0 500 550 593.4 602 10.0 54.6
20.0 510 560 594.9 610 11.5 58.0
40.0 515 570 601.6 614 13.5 58.8
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