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ABSTRACT

Surface of crystalline silica was sequentially reacted with silane(A 187), liquid rubber(CTBNX8),
and vinyl monomer(GMA) in existance of TEA(triethylamine) or BPO(benzoyl peroxide). It was
mixed with epoxy resin at a ratio 0~60% (vol. %) of total component. For mixtures, viscous proper-
ties were investigated experimentally.

1) Coating ratio depended on pH of mixture and quantity of catalyst.

2) Treated silica represented lower viscosity than untreated.

3) Thixotropic index represented best at silica content 15~23% and showed more large deviation
over 120T, ' ' ' '
4) Relative viscosity followed kerner's at 0~10% of silica content and get out of Mooney's at

more than 15%.
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Fig. 1. Photomicrograph of surface-treated silica
(A) untreated : (B) A 187 treated : (C) A
187/CTBN X 8 treated : (D) A 187/CTBNX

8/GMA treated.
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Fig. 2. Viscosity vs. filler content at 50T : (A) unt-
reated : (A) A 187 treated : (O) A 187/
CTBN X8 treated : (@) A 187/CTBN X8/
GMA treated. Composition : epoxy resin/si-
lica=100~64/0~36(volume). Test appara-
tus . Brookfield viscometer.
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Fig. 3. Thixotropic index vs. filler content at 25T :
(A) untreated : (@) A 187/CTBNX8/
GMA treated. Composition . epoxy resin/si-
lica=100~40/0~60(volume). Test appara-
tus . Brookfield viscometer(spindle 2, 12
rpm/6rpm).
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Fig. 4. Thixotropic index vs. temperature on various
filler content(vol. %) : (M) unfilled epoxy
: (@) untreated 15% : (O) untreated 30
% : (@) untreated 45%. Composition :
€poxy resin/silica=55/10~45(volume).
Test apparatus . Brookfield viscometer(spi-
ndle 2, 12rpm/6rpm).
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Fig. 5. Thixotropic index vs. temperature on various
filler content(vol. %) . (M) unfilled epoxy
: (@) A 187/CTBNX8/GMA treated 15%
: (O) A 187/CTBNX8/GMA treated 30%
1 (@) A 187/CTBNX8/GMA treated 45%.
Composition - epoxy resin/silica=55/10~45
(volume). Test apparatus : Brookfield vis-
cometer(spindle 2, 12rpm/6rpm).
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Fig. 6. Relative viscosity vs. filler content at 50C :
(A) urtreated : (A) A 187 treated (O)
A 187/CTBNX8 treated: (@) A 187/
CTBNX8/GMA treated : (M) Mooney’s :
(K) Ferners: (G) Guth’s. Composition :
epoxy resin/silica= 100~ 80/0~20(volume).
Test apparatus - Brookfield viscometer.

301



ILV-BEEE & BN

28] Fx=7F A7) Wil 4R ARk Az
o] AsHA doj}xl ol FYYA HY Y%
7] wEolat ARl 222 10% o4
ASele AL el AFAl Aoy E-F
22 oA = AYAES] AV EFES
g A ezt =0 welAdn @
"o}, vl JIAE FAYE A9 FAAdl
8 Guth) 219 R4 AL 7ol it 473 <)
Dol £ AyolA A4 Azl 3 45 ol
qjate] 42 & 2829 Mooneyd] #t3} A9
e X 2 A "o g AAR A
A EL At #% 15% ol4e] ASole o
EAo 2 e He "oy}, ol2dt #A}eo] 4
Avte ol A Aels} A A2l vlA =
A28l 7] Q13 Aeln], A o FA A7)
& #7148l ¥l BFA] ¥F3le A
F3o] Woix]7] wiol FX| ¢} Ao HA e
713& %ol YA GEQ Aoz s
22§ olfE FAAstY Afde HL
Hz] gelycy & 4 slslidh

Fig. 7€ HAATY 2=9&84¢ A¥Y A
olth. AAATE FAHA 9] ol F7)gtol uje}
AREd 15% 2 30% 2 AEAA v|sle] 45
%9 AFRAAG] L o]l YFEHA Folzth
Agsle] 2H5HEE EUAF Aol F-He
AR Bo e g vehligly, £xdH2s
120C7HA] %7} Eep3tel wel F7hsbod =9k 2
ol Folle At 30T oA A4S
7} $& A& MooneyAl s B0} A3t
ALl FFo] el AA FAA Ak A A
Hi-go] Fetxl7] dEolztz B 5 AUk 120
CAlA ¥& @e 7IAe AL AFAA e v
TAAE LA Z & 4 3} Kerner®] 4ol A
FAA A AHEL(VPe) AR |9 @A)
7} ki 34§ e, ol A
=z wel FAA A9 g P EaAe)
FolA g W 7Hsstch 2 150C 9] n ool Be

€ 7K AL FA AL = FAA9G
G271 A7l A F Ao o) gl
7ol D=7 wiolet Yzl

302

100+

%
0 30 60 9 120 150

Relative viscosity(ne/nm)
8 3 3 3
T T 7 T
\ \X \ | .

Temperature(C)

Fig. 7. Relative viscosity vs. temperature on various
filler content(vol. %) : () untreated 15
% : (O) untreated 30% : (@) untreated
45% : () A 187/CTBNX8/GMA treated
15% : () A 187/CTBNX8/GMA treated
30% : (M) A 187/CTBNX8/GMA treated
45%. Composition : epoxy resin/silica=55/
10~45(volume). Test apparatus . Brook-
field viscometer.

V.4 &

ARA A7t Qg op(TEA) R 4t
315 (BPO) Zvislo] AlRH(A 187), dALF
(CTBNX8), Bld2xr(GMA)E &3 A 3t
Ag)stel ko wE AFAETFEY AL
A7 A2 o3 2

1. AE7le] Ta)E &2 2.48~5.11% %) 2
£3E9 pH, $4%I(TEA 2 BPO) 9 %4 &l
3 & Wl

2. EHHEE FA2>A 187/CTBNX8 A
>A 187 A2]>A 187/CTBNX8/GMA A2l9] ¢
o2 FA ey,

3. 9A2EZH $E AY7E ZoHA 2 el



274 SFEE A d ArtE A%

S E A5 FAe) B AT

gzt o G ghg veligled, FAAEEF
15~23% A 714 =& & Jehgich 2=
o)EAL 120CE AXE steod A vhebydel,
4. ARG EQA T o] HshA 4
AR o 2 & JJehiglen Ayl
(F9%) 10% °)39 AHFAA|+= Kerner?]
#3 FAbsksoh. 2y 15% o) e A
ol A A5k AL T2 B
Qlzte] olEAlo 2 RE wlojdg o 4 glgld.

2 % 4

1. JP Pat. 130, 625(1988).

2. R. C. Landis, Machanical Engrg, 65, Oct,
(1986).

3. S. Oizumi, “Stress Analysis of the Silicon
Chip-Plastic Encapsulation Interface”, Ref.
12537, 1987.

4. C. B. Bucknall and A. H. Gilbert, “Toughened
Plastics”, Applied Science Publishers LTD,
1977.

5. C.B. Bucknall and A. H. Gilbert, “Toughening
Tetrafunctional Epoxy Resin Using Polyester
Polyesterimide”, Polymer, 30, 213(1989).

6. J. E. Moreland, “Handbook of Filler and Rein-
forcements for Plastics”, Van Nostrand, New
York, Chap, 8, 1978.

7. Korea Fine Ceramics, Technical Bulletin, 19
88.

8. D. H. Klein and E. D. Goldberg, “Mercury,
Marin Environment”, Environ, Sci. Technol.,
4, 765(1970).

9. G. R. Dillimore, R. F. Stukki and D. Kasper,
J. SPE., 20, 544(1964).

10. S. B. Jang, Polymer(Korea), 4, 115(1980).

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.
28.

29.

S. S. Lee, K. S. Jung and J. K. Yee, Polymer
(Korea), 11, 2(1987).

E. H. Merz, G. C. Glaver and M. Baer, J. Polym.
Sci, 22, 325(1956).

J. Gede and V. Mueller, Polym. Sci, USSR,
A18, 836(1976).

C. C. Ballard, E. C. Borage and D. H. Solomon,
J. Macromol. Sci, A8, 659(1974).

M. Yokouchi, H. Uchiyama and Y. Kobayashi,
J. Appl. Polym. Sci, 25, 1007(1980).

A. V. Cunliffe, M. B. Huglin and D. H. Richa-
rds, Polymer, 16, 659(1975).

S. C. Kunz and R. A. Assink, Polymer, 23, 1987
(1982).

S. P. Hong and S. G. Choi, J. of Korean Indust.
and Eng. Chem., 1, 63(1990).

S. P. Hong and S. G. Choi, J. of Korean Indust.
and Eng. Chem., 1, 232(1990).

L. Nielsen, J. Compos. Mater, 1, 100(1967).
M. Mooney, J. Colloide Sci., 6, 162(1951).
E. H. Kerner, Proc. Phys. Soc., 69B, 802(1956).
E. Guth, J. Appl. Phy, 16, 20(1945).

J. A. Manson and L. H. Spering, “Polymer
and Composites”, Plenum Press Chap. 1, New
York, 1970.

S. J. Monte and G. Sugerman, 38th Ann. Tech.
Conf.,, “Reinforced Plastics/Composite Inst.”,
SPI, Section 3-c, 1983.

L. Shechter and J. Wynstra, Industrial and
Engineering Chemistry, 48, 86(1956).

U. S. Pat. 4,163,113

W. A. Zisman, “Contact Angle, and Adhesion”,
Am. Chem. Soc., p. 1(1984).

A. A. Collyer and D. W. Clegg, “Rheological
Measurement”, 505,1988.

303



