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=E: 3EAA HolrEE EFA S AMEEe U 2719 Yyl YAE Stober methodE ©]-83h
A) 28}, 3-methacryloxypropyltrimethoxysilane(y- MPS)Z AlZE A TA Al o7 I F7] FA WelAy
dEzt Yate] EE H3E 2ARBIRG. B8] AHEE W8-89 tetraethylorthosilicate(TEOS)?F £9] &, &)
¢l gmdoly] ¢ gule] FR} ok At Tt 7|9 YAt YAE Azt gl oeER
o WeheS AT A4S O 2 AR AXRFHAT E, B9 g0 F/ETE AL YAt d4HE v,
Zuo} ATFAL HeE FFol F71Fe wet A Az Zri= V1A f7] aAETe EFA AY
54 e Y8 Azxd A58 e ATE pMPSe THEAIA ad e vt dAE Az A
27t A =277 ZAL4E O] AFY EXShe yMPSY] T2 BRATH, G FHHY SA5t= MPSY
oko A7t YAte) Zr)ol G B At pMPSE BW HI|E ATt dzke] DEAA AolyEL H2
ol He] #492 T A=A &2 Azt vl A FE=Ach

Abstract : Silica nanoparticles for polymeric dental restorative composites were prepared by Stober method, and then the
effects of surface treatment of silica particles with 3-methacryloxypropyltrimethoxysilane (yMPS) on the dispersity of the
silica particles in the organic matrix was investigated. Particles having various average size were prepared by using controllec
amounts of tetracthylorthosilicate (TEOS), water, and catalyst and by changing solvent used for reaction. The size of
particles prepared by using methanol as solvent was smaller than that prepared by using ethanol as solvent. In addition, the
size of particles was increased by decreasing amounts of water and by increasing amounts of TEOS and catalyst.
Hydrophobic silica nanoparticles was prepared by reacting hydrophilic nanoparticles with v-MPS to improve interfacial
properties with organic matrix. Amounts of -MPS per unit mass of the particles was increased by decreasing particle size,
even though the amount of v-MPS per specific surface area were nearly the same regardless of the particle size. The
dispersity of the silica particles in the organic matrix was improved when the surface treated silica particles were used fo
preparing the polymeric dental restorative composites.

Keywords © sol-gel process, tetracthylorthosilicate, silica nanoparticles 3-methacryloxypropyltrimethoxysilane, surface
treatment, composites.
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Figure 1. TEM microphotograph of silica nanoparticles (Sample 4)
synthesized by Stéber method. Note that ethanol was used as solvent.

Table 1. The Size Changes of the Silica Particles Obtained by Varying
Amounts of Precursor Water, and Catalyst under Ethanol Solvent

Sample 12O TEOS  NHOH  Bthanol  Pasticlesize
(mol) _ (mol) {mol) 49) (nm)
1 10 028 0.5 125
2 0.28 375
21 10 014 1 200
22 0.42 . 450
3 10 028 2 450
4 5 0.5 100
5 0.28 1 150
6 20 0.5 45
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Figure 2. TEM microphotographs of various silica nanoparticles obtained
with Stober method by varying catalyst content. Note that methanol was
used as solvent: (a) Sample 12 (5 nm); (b) Sample 13 (10 nmy); (c) Sample
14 (25 nm).

Polymer(Korea), Vol. 30, No. 1, 2006



78 55

Table 2. The Size Changes of the Silica Particles Obtained by Varying
Amounts of Precursor Water, and Catalyst under Methanol Solvent

Sample H,0O TEOS NH, OH Methanol Particle size
(mol) (mol) (mol) 49 (nm)

7 0.5 ~5
8 5 0.28 1 20
9 10 0.28 0.5 5
10 0.28 15

10-1 10 0.14 1 8

10-2 0.42 17
11 10 2 1 50
12 0.5 ~5
13 15 1 10
14 0.28 2 25
15 05 ~5
16 20 1 ~5
17 2 10

L3 vghg Al ARl WA Ao B oluA|y} 2ok vt
A% o oetd AHT WEg AoA rieRelE dEkde] vest
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TZE e A7l QA FAEAT, T oo )kl e Yzt
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Figure 3. The effects of particle size on the degree of coagulation of the
synthesized particles with Stober method: (a) Sample 17 (10 nm); (b)
Sample 8 (20 nm); (c) Sample 14 (25 nm).

Table 3. Changes in Carbon Concentration with +-MPS Treatment
and the Amount Grafted y-MPS on the Surface of the Silica Particles

Before After .
Sample  treatment treatment Concentration Grafted y 'I;APS
(Wt%) (Wi%) change(wt%) (umol/m?)
Sample 5 0.6021 1.8157 1.2136 5.9932
Sample 10 0.2718 94573 9.1855 5.9957

Z24 gl 47| 1.6 gem*2 TAS AElE T, RS
B YA R E-S Vel o] Alke 5319 sample 5 25 mY/g,
sample 102] 7= 187.5 mY/ge] AAE AUk o= yMPSe]| 3¢
701tk W YA 2717 150 nm? sample 59F 15 nmQl sample 109
¥MPSE WHSAIA A2 218 247} treated sample 59} treated sample
1022 JEMATE Table 39 vepd A} o] 8hg Aol Yehh=
A AZlF 4A AR oA AFANZ AMEH TEOSA 71

o Zols, F A9 BF 98 F e whol go Z/h g HT
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Figure 4. Changes in the dispersity of the silica nanoparticles (Sample 6)
included in the organic resin matrix. (a) composite prepared by using
untreated silica nanoparticles; (b) composite prepared by using surface
treated silica nanoparticles.

o] 2 o, A}yl EHell yMPS7} HRS3ITHE AS 3R1E 4 AN
t}. 31A9 treated sample 10©] treated sample SEE} 13- & ghixo
Fo] AAzA F7kt AL B 4 e, o' 4Rk =7t el
£ vlgHze] sl I BH o g 5 s yMPSe] &
Z7181597] mWEolth. 18}, Berendsen] & B3l Aotd ©he @
G Bo yMPSY] B U=kl =)o AHgle) vkt AL &
g & 3l
x|aee 252 o] A2l7t YRl BAE ¥ MPSE ¥ Az
3 A7t gRlel AelEA g delrt YA bisGMASH TEGDMA
2 o7 §7] A ghollAe] Babd ApolE VB ER dolR gt
o} Mg AFe 2 Aagt YT 1 wit TS EPAEE A=)
1, Bgb) el Ao A7t 44X XS FESEME 0|83k #as)
At Figure 40 UERA 213} 32o], yMPSE EHAB|HA] 82 L
FZr)9] Aeglee] A2 S f71 24 WollX FUd3kA a5
A S BEY F Avh T, vMPSE &8 AEE et o
A= AT S, JAE S A FEHA P 7] AW
oA LAl EXHo] UlT) o= Halrt A o] &= MPS
71 g Welmdeo|EX1E 7T 9 /71 A9 S8 2L B
£ yMPS Ao 2% delz} YAret /7] FARte B8y A%
g oz sl ARyt YAl SEE o] AR {71
2 el A YAEe] BiE-E AT 9E 3b) wiZolrt

2

e

A =2

—

B Qo AA4Ee BYAlEe] BT et AR

£ He] UEQ Swber FHHOE A x3)7, -MPSE AP A
£ 3 % aze] §71 A WelA nlAe dake AN v
2o ARE AL &4 ol 23 Vi Aelgl YR; Azl loiA,
Tl Had FFael o) 7Aashy, EwiQl grRYolee]
o] Z71EFE 3T, 7T AT FAEE AEE & 5 AUk
53, olghgolA dojxl= At 277 dgr o & 24E 8]l
g 4 Itk a8, odeg AME TREAIATE TEOSY W
wel HAEE YA F719] 2|7t HEkE dolMRT & As 4 5
AT A7 A= ®BA ol vMPSE XA X2 E I & EA B
AE T3 ghhe] WSS Z3kn, 1 AAE 0831 Berendsen
Equationg %314, yMPS7F Aelzl 9 9ol uk3-3 &g AlLkelA
ok Ql&te] =77} FopERE n|FEHe] HAAA, ¥R y-MPS2)
ok ZI1BIHA N T AHY ¥R v-MPSS] %2 599 pmol/m’
2 nls3t AE E@RIsisi) o)|FA) v MPSE ®R Agd dulgt o
A #7] A ellA dxlE] A2 8XlEe A= 2E AEE
2 ke A7) JARD Zadle RS ERlsiden, IR X7
FESE f7] $A gelA 4Ry Aol aRdE Zle ER1g 4
Sel=d

LAl 2 B Age =T 57| 2dTe] AYFHAUE:
R01-2003-000-10216-0)°1} 23l A= 1710l ol FHAL=HUTh

#1128

M. Donald and D. W. Orson, J Am. Dent. Assoc.,92, 1189 (1976).
P. Leonard and M. C. Ellse, J Am. Dent. Assoc,, 92, 1195 (1976).
J. W. Osborne and S. J. Friedman, J Prosthet. Dent., 55, 335 (1986).
1. C. Schoonover and W. Sounder, J Am. Dent. Assoc, 28, 1278 (1941).
E. L. Pashley, R. W. Comer, E E. Parry, and D. H. Pashley, Oper.
Dent., 16, 82 (1991).
M. Staninec and M. Holt, J Prosthet. Dent., 59, 397(1988).
7. Y.Kim, J. Y. Lee, C. K. Kim, and O. Y, Kim, PolymenKorea), 28, 426
(2004).
8. J.S. Jangand S. W. Kim, Polymen(Korea), 18, 584 (1994).
9. R.K. ler, The Chemistry of Silica, Wiley, New York, 1979.
10. C. Payne, The Colloid Chemistry of Silica, H. Bergna, Editor,
American Chemical Society, Washington, DC, 1994.
11. W. Stéber, A. Fink, and E. Bohn, J Collord Interface Sci., 26, 62 (1968).
12. J. Luo, R. Seghi, and J. Lannutti, Mater. Sci. & Eng. C, 5, 15 (1997).
13. J. D. Miller and H. Ishida, Swf Sci., 148, 601 (1984).
14. L. Chu, M. W. Daniels, and L. F. Francis, Chem. Mater, 9, 2577 (1997).
15. M. Abbound, M. Turner, E. Duguet, and M. Fontanille, J Mater.
Chem., 7, 1527 (1997).
16. M. W. Daniels and L. F. Francis, J Colloid Interf’ Sci,, 205, 191 (1998).
17. M. W. Daniels, F. Sefcik, L. F. Francis, and A. V. McCormick, J
Colloid Interf. Sci., 219, 351 (1999).
18. H. Jo and E D. Blum, Langmuir; 15, 2444 (1999).
19. N. Nishiyama, R. Shick, and H. Ishida, J Colloid Interf. Sci., 143, 146
(1991).
20. E. Bourgeat-Lami and J. Lang, J Colloid Interf Sci., 197, 293 (1998).
21. 'W. Posthumus and P. C. M. M. Magusin. J Colloid Interf” Sci., 269, 109
(2004).
22. D. L. Green, J. S. Lin, M. Z-C. Hu, Dale W. Schaefer, and M. T.
Harris, J Colloid Interf. Sci,, 266, 346 (2003).
23. G. E. Berendsen and L. De Gala, J Liq. Chromatogr., 1, 561 (1978).
24. A.P Philipse and A. Vrij, J. Colloid Interf” Sci., 128, 121 (1989).

Uk W

*

Polymer(Korea), Vol. 30, No. 1, 2006



