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ABSTRACT : In order to overcome drawbacks in the conventional preparation of epoxy/silica nanocomposites,
such as formation of micro voids and dimensional instability caused by evolution of volatile by-products during
curing reaction, anovel preparation method using Si-N precursor has been proposed. When prepared through in-
Situ reaction of epoxy curing reaction with sol-gel reaction of Si-N precursor, methyltripiperidinylsilane (MTPS)
which does not produce by-products during reaction, epoxy/silica nanocomposites of extremely even dispersion
of inorganic phase could be successfully prepared, resulting in high enhancement of mechanical and thermal
properties aswell as outstanding transparency.

Keywords : nanocomposite, S-N precursor, epoxy, silica, in-situ reaction.
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Scheme 1. Schematic representation of synthesis of MTPS.
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Figure 1. "H-NMR spectra of (&) methyltrichlorosilane and
(b) MTPS.
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Figure 2. FT-IR spectraof (a) piperidine and (b) MTPS.
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Figure 3. pH change caused by hydrolysis of MTPS.
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Figure 4. Scanning electron microphotograph of silica par-
ticles prepared by Sol-gel reaction of MTPS with its FT-IR
spectrum showing typical Si-O-Si stretch.
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Figure 5. Transparency comparison of epoxy/MTPS sys-
tem with neat epoxy.
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Figure 6. TGA thermogram of epoxy/silica nanocomposite
prepared from epoxy/MTPS system.
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Figure 7. Dynamic mechanical thermal analysis spectrum

showing tan & behavior of neat epoxy, epoxy/particulate

silica composite and epoxy/silica nanocomposite from epoxy/

MTPS system.
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Figure 8. Comparison of mechanical properties obtained
by 3-point flexural test; (&) flexural modulus and (b) flex-
ural strength.

o] ZA)/AlE)7} YB3l ge] Alx 395



396 Kimetal.

4. A&

F71Ake] A ke {2 A3t wke-e] 54 A
g ol g3te] FIIAE f7] LRA el FLs
A BAbA) ¥

7 7] Babget f7) wlELS Alolo] AR
3 k&0l A 2] XAYAE

R RE Azt
SNFAMTPS AZ8ol A 2] e

)=

U
£ 43HeR A5 5 gglen, o|F Bl w5
3 /A BAT FIAE A $7157] Y
2% AxT 4 Yok
References

1. “KRI Report No. 4: Organic-Inorganic Polymer Hybrids’,
Kansa Research Ingtitute, Osaka, Japan (1997).

2. L. Magka, O. Dukh, and J. Kolarik, Polymer, 41, 1449 (2000).

3. K.-H. Haas and H. Wolter, Curr. Opin. Solid S. M., 4, 571
(1999).

4. N. Sdahuddin, A. Moet, A. Hiltner, and E. Baer, Eur. Polym.
J., 38, 1477 (2002).

5. L. Magka, K. Dusek, J. Pledtil, J. Kriz, and F. Lednicky,
Polymer, 40, 171 (1998).

6. B. K. Min, Polymer(Korea), 12, 599 (1988).

7.L. Mateika, J. Pledtil, and K. Dusek, J. Non-Cryst. Solids, 226,
114(1998).

8. S.Kang, S. 1. Hong, C. R. Choe, M. Park, S. Lim, and J. Kim,
Polymer, 42, 879 (2001).

9. D. Ratra, O. Becker, R Krishnamurthy, G. P Simon, and R. J.
Varley, Polymer, 44, 7449 (2003).

10.
n.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21

22.

23.

24.

25.

Polymer (Korea), \Vol. 28, No. 5, 2004

D. K. Park, Polym. ci. Technal., 8, 248 (1997).

M. W. Ellsworth and B. M. Novak, J. Am. Chem. Soc., 113,
2756 (1991)

Y. Chujo, E. Ihara, S. Kure, and T. Saegusa, Macromolecules,
26, 5681 (1993).

G. Philipp and H. Schimdt, J. Non-Cryst. Solids, 63, 283
(1984).

G. Philipp and H. Schimdt, J. Non-Cryst. Solids, 82, 31
(1986).

M. Ellsworth and B. Novak, Chem. Mater., 5, 839 (1983).

G. Schottner, Chem. Mater., 13, 3422 (2001).

C. J. Brinker and G. W. Scherer, Sol-Gd Science; The Physics
and Chemistry of Sol-Gel Processing, Academic Press, New
York, 1990.

D. O. Kim, “In-situ Polymerization of Epoxy/Silica Nano-
composites by S-N System and Sol-Gel Process of S-N
Structured Silazane”, MS. Thesis, Kyung Hee Univ. (2001).
Y. M. Jeon, “Epoxy/silica Nanohybrid Preparation by Thiol-
Silang’, MS. Thesis, Inha Univ. (2002).

S. T. Kang, “Study for Epoxy Composites Modified by
Structurdly Controlled Organic/Inorganic Particles’, Ph. D.
Thesis, Seoul National Univ. (2000).

C. J Pouchert, The Aldrich Library of FT-NMR Spectra, 2nd
Ed., Aldrich Co., WI, 1983.

G. Socrates, FT-IR Handbook, 2nd Ed., John Wiley & Sons,
New York, 1994.

C. J. Pouchert, The Aldrich Library of FT-IR Spectra, 1st Ed.,
Aldrich Chemica Co., WI, 1985.

Y.-L. Liu, C.-Y. Hsu, W.-L. Wei, and R.-J. Jeng, Polymer, 44,
5159 (2003).

P. Cousin and P. Smith, J. Polym. ci., Polym. Chem. Ed., 32,
459 (1994).

. N. Sdahuddin, A. Most, A. Hiltner, and E. Baer, Eur. Polym.

J., 38, 1477 (2002).

EZ2|H, A)28¥ A|5%, 2004



